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FOREWORD
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the Fuels, Lubrication, and Hazards Division, Air Force Aero Propulsion Laboratory, Air Force Systems Command,
Wright-Patterson AFB, Ohio. The Air Force project engineer during the period reported was Mr. Paul C. Linder
(APFF).

This is the Final Technical Report under subject contract, covering work performed between 2 December
1968 and 31 December 1969, including experimental work and also the analysis of data collected under previous
contracts. This report was submitted by the authors on 30 April 1970. Contractor's identifying numbers are
Project No. 12-2496 and Report No. RS-544.
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withstand the tests to which they were subjected, or to operate as applied during this study. Any failure to meet the
objectives of this study is no reflection on any of the commercial items discussed herein or on any manufacturei.

This technical report has been reviewed and is approved.
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ABSTRACT

Results are presented from the final year of a 5-year program in research and development in hydrocarbon fuel
handling and contaminant control, along with a statistical analy•.is of results from earlier tests performed to develop
procedures for evaluating filter.separator t iien-s, fuels, and fuel additives. The program included a large number of
tests in a single-clement filter-separator teA , - 7 f variety of small-scale studies. A small coalescer device was
developed and operated to study the role of filter-media paraiieters it, ;trnoval of free water from fuel. !.n tl,.e water
separometer (WSIM) test, variability in coalescer disks was shown to be one of the primary sources of poor
repeatability: no significant improvement couid be made by the use of controlled washing or disk-conditioning
procedures, but the use of fine media offered some promise for improvement. In a small-scale investigation of
low-temperature plugging of filter media, it was found that addition of fuel system icing inhibitor (FSII) increased
the plugging rates, and that elimination of the glycerol component of the FSII did not solve the problem completely.
In an investigation of analytical methods for the FSII content of fuels, it was found that the standard refractometer
method (Method 5340 in Fed Std 79 1a) gives results about 10% below the true values and that this systematic error
can be eliminated by using a different method of calibration. Large-scale tests on a Static Charge Reducer
demonstrated its effectiveness on several fuel blends at 300- and 600-gpm flow rates. The antistatic additive ASA-3
was effective in minimizing charge buildup in uninhibited JP-5 fuel but was less effective in these tests when the fuel
contained a corrosion inhibitor.

Distribution of this Abstract is unlimited.
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SECTION I

INTRODUCTION

This report covers the final year of a 5-year program in research and development in hydrocarbon fuel
handling and contaminant control, plus a more complete analysis of earlier tests concerned with development of
suitable t'st procedures for evaluating filter-separaLor elements, fuels, and fuel additives.

Other phases of this work have been concerned with development of a small-scale device for studying the TOle

of various fflter-media parameters in the coalescence of free water from fuels, the problem of media plugging at low
temperatures, the effects of various factors on water separometer test results, the determination of fuel system icing
inhibitor concentration by the refractometer method, the effectiveness of a static charge reducer apparatus and an
antistatic additive, and the feasibility of determining solids contents of fuel and water by means of silver membrane
filters.

A number of related subjects have been studied both in the earlier years cf this program and during the final
year reported here. These studies are described in earlier reports(l' 7)*.

Appended to this report are complete data from 93 single-element filter separator tests. Including earlier
reports, complete data from 330 tests have been reported.

*Raised numbers in parentheses refer to the List of References at the conclusion of this report.



SECTION II

TEST FACILITY AND EQUIPMENT

1. Tat Loop

The test loop used in the experiments considered herein has been described in detail in a previous report.( 3 )

The primary objective in the design of this loop was to ensure its adaptability to a wide variety of test conditions in
experiments with single elements or with filter-separator assemblies. Aluminum and stainleas steel were the principal
materials of construction; no copper alloys nor
carbon steels were used for fuel-wetted parts. For
purposes of identification iii this report, this
facility is termed the AI/SS loop.

A simplified flow diagram of the loop is -

shown in Figure I. For the work reported herein,-0
fuel was pumped into one of the two tanks shown
in the diagram and recirculated through the test To*-

system and back to the same tank. The volume of
fuel used in 2ach test was 600 gal, and the flow
rate for most tests was 20 gpm.

•:O I Addrti

The water-injection system is independent of • '"-
the water-main pressure and can be used with
water of any desired composition. In the majority ,
of tests considered herein, filtered water from the SrrFd

mains was used. Fi.
Seto&

Ahead cf the water-injection point, dry fuel • L,.. F,.. SY.L

is drawn to feed the solids-inje'tion system, which --

is shown schematically in Figure 2. Dry-solids CV
injection was used in most of the work repurted Fitt.

herein, but premixed slurry was used in a few
tests. i 4---- IEwe-,

L--
In order to give the reader a general idea ot f

the efficiency of the dirt feeder used in the loop
tests reported herein, the following table was FIGURE I SIMPLIFIEI) FLOW L)IAGRANI
prepared: OF Al 'SS L OOP

Type of solids Number ot tests i."I e,

Coarse AC dust I141 03 4

Fine AC dust 4,R 91

Red iron oxide (1-1 i6) 0 h(4 C

Red iron oxid- (R-9•98) 7
Groun1 iron ore 'B-0985) ;
Black iron oxide t"N") 2 PH 4

50% fine, 50% coarse A(' dust It 9 1.4

Percent accuracy of delivery with the diffelentt conta n !ants wi> caIul;tcd b determining th. dcmcl " ,'cilh i?

due to solid cootaminaiit relettiori drting a singleleinen! h-op test (dilI reccv'cd I, dividtig 0at 1hgui'e bh td-

nominal dirt delivered into influent fuel duriiig the teeii, then moltpih ng ,, 1(h)



DV DinF@MefEssentially all of the woik reported
O~y Di Fd.,herein was perfoimed with an 8-in.

pump aluminumhousing equippe with asingle

/military-standard element anid ýa double-
-Mi.1 wall PTFE-coated screen canister. Crief

Hn.M To* studies were made with a transparent

4off w ~ chw Wh o u sin g d e sig n e d fo r o b ser v atio n o f flo w
9 ROOMWpatterns. Both of these housings are

PWM hi eclay filter st~own in Figure I
was installed during the latter part of the

NISCM~ ~program. It is a Peco Series 34, Model
V4-3-7361), rated at 42 gpm, with three
Peco No. PC 736-D clay canisters.

Man u Ln 2. Pressure-Check Trough

During the latter portion of the pre.-
FIGURE 2. SOLID-CONTAMINANT SYSTEM gram, the fuel flow resistance of each test

element was measured for co)rrelative pur-
poses. This was done immediately before
eaich test by mounting the elemrc- tin an
open trough containing fresh, uninhibited

Sv JP-5 fuel and measuring the pressure loss
(AP') while pumping fuel through the ele-
ment at 20 gpm. This apparatus is shown

2W schematically in Figure 3. The pressure
----- ---- Arm probe was designed to eliminate any veloc-

Fs~i j y-head effects. The fuel temperature was

I not controlled, but was generally 60 to
~- - I70 0 F or, in exti eme ( ases, 5 5 to 75* F. This

T- t--apparatus was used to check, most of the
______________________element starting with Test 220. Origi-

nally, a ii-in, mercury manometer was
used to measurfe the AP, positioning the

______..N~manometer to eliminate ftiel -leg correc-
tion. After 'rest 298, a press-ure gage was
used. All element AP values in this report

FiGURL 3,PRE-SSURF-ClECK TROUGH are expiessed in psi.

Su,_h1 extia handling of' the element prior ito tes.t iý somewhat undirable because of the possibifities of
plov~sic.l damage iand of changing the iement's performnance characteristics, Earlier, an attempt had heco made to
ohtainn elcmnent A~P Value's thý n'easklciereet% on the test housing an] canister, with and without tnic elemenit. As

* ntei in 'hi% report - the Ihow chaiaclciistiLcs In the houiing are alhered ~o drastically by the piesenceeof the
Ciec i, !t 'Io Ad tmej~ume of d.eminn Pcul h htnei thismiet~od of ddtrerences.

T SmOJS<4ts Equipm~nt

1ko, It sale And l~oa~reqiioinen used ;f il 1) :,ýi!imarc 'ewrltx-d inI hler Actiom. of' this te'. along
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SECTION III

TEST MATERIALS

1. Test Fuel

Test fuels for this work were JP-4 and JP-5, supplied without additives. These fuels were held in Air Force
storage facilities for this and other programs. Batches of 12 to 25,000 gal of fuel were transferred from Air Force
storage, by means of refueling trucks, to storage tanks located adjacent to the test facility. Each such transfer
represented a "batch" of fuel as defined for this program. Fuel batches were used in AI/SS loop tests as follows:

Test
Batch No. Typ_ No.

14 JP-4 48-62
15 JP-5 63-76
16 JP-5 77-83
17 JP-5 84-99
18 JP-5 100-128
19 JP-5 129-150
20 iP-5 151-175
21 JP-5 176-199
22 JP-5 200-211
* JP-4 212-219

23 JP-5 220-258B
24 JP-5 259A-313
25 JP-5 314-329

*From Area B, TK 12, received 6 February 67.

Inspection data for these fuels are presented in Table 1, and military specifications for JP-4 and JP-5 are given in
Table 2.

2. Fuel Additives

Fuel corrosion inhibitors used in this work are listed below, alor.g with the abbreviated designations used in
tables and figures of this report:

Snt Santolene C (Morsanto)
AFA AFA-1 (duPont)
RP Rust Preventive-2 (duPont)
Uni Unicor M (Universal Oil Products)
EDS Na-Sul EDS (Vanderbilt)
Tol Tolad 244 (Petrolite)
Lubr L.ubrizol 541 (Lubrizol)

All of these inhibitors except the Na-Sul EDS are qualified mateitals under MIL.I.25017B. The Na-Sul EDS
had been qualified under an earlier version of the inhibitor specification, before any close restrictions had bee.a
placed on emulsification behavior.

The icing inhibitor used in ihis work, designated as AIA (anti-icing additive) or FSII (fuel system icing
inhibitor), was obtained from Dow Chemical Company and con~formed to MIL-i.27686D. The specified comlpsition
of this material was 99.6% 2-methoxyethanol (ethylene glycol monomethyl ether' iid 0,4% glycerol.
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TABLE 1. INSPECTION TEST RESULTS ON

UNINHIBITED FUELS

SwRI Sample API DistillatiGum, F
bt Gray JBP-10%-2C1%-50%-90%-EP -- g- 0 F psir
b., , RVP

JP4 Fuel

-. Ashland' 1[25/67 55.2 12&.192-224-300420-506 0.6 1.8I 3.0I 0.%

JP-5 Fuel

15 Truck 4/10/67 - 353-'80-394-421469-496 0.2 0.2 .. ... .
15 Tank J 4/21/67 42.7 340-377-389-415.460-494 0.6 0.6 134 9-- 9
15 Tank 2 4/21/!67 42.7 346-378-389-416.458-438 0.6 0.6 137 -...

15 Tank 2 5/31/67 - 353-382-395-422.465490 1.0 1.0 135 --- 88
16 Tank 1 5/31/67 - 356-380-396-421-462-491 1.0 1.0 134 -- -

16 Tank 2 5/31167 - 354-383-396-423-464-490 1.0 1.0 136 --- 89
17 Tank 1 7/6/67 42.7 348-383-394-420-462-49! 0.4 0.6 134 -- 72
"17 ank 2 7/6j67 42.7 351-382-396-422466-489 0.4 0.8 134 -- 87
18 Tank 1 8/14/67 42.5 353-382-394-421-465494 1.2 1.4 136 .. .
18 Tank 2 8/14/67 42.5 358-378-397-421466-498 1.4 1.4 '38 -..

19 Tank I No data except WSIM 94
20 Tank 1 10/5/67 42.6 357-385-395420-467-500 0.2 0.8 137 - 95
20 Tank 2 10/5/67 42.6 357-384-395-422-46R499 0.6 1.2 138 - 77

-- Ashland* 10/6/67 42.0 380-398-402-412-446-490 0.6 2.9 154 98 - 9
21 lank 1 1/16/68 41.1 372-399------425-456-484 1.0 1.0 146 -- 98
21 Tank 2 1/16/68 41.1 372-398----424-454-494 0,8 1.0 147 94
22 Tank 1 3/18/68 41.2 366-396405422453491 0.2 -- 148 89
"22 Tank 2 3/18/68 41.1 380-401408-426-457-498 0.4 --- 148 --
23 1ank I 6/28/68 41.8 362-386-394-415-458-482 0.0 1.0 143 92
23 Tank - 6!28/68 4i.? 1364-384-390412456490 0.0 1.0 144 --- 95
23 Tank 1 7/12/68 41.8 1356-382-390412457481 1.0 1.0 143 --- 87
23 Tank 1 8/16/68 41.9 346-"84-394-414-457-482 .--- -... 78
23 Tank 2 11/18/68 41.8 361)-388-395415-458495 0.0 0.6 145 75
23 Tank 2 12/316F 41.7 372-388-395 417-458-493 0.2 0.6 144 -
24 Tank 1 6/10/69 41.7 368-384-394415458498 2.2 2.2 142 92
24 Tank 2 6/10/6) 41.8 367-386-394-414457492 0.4 1.0 144 98
25 Tank I 7/7/6t9 42.2 356-3,8-3Q76416460-491 0U2 0.4 129 91
25 Tank 2 717/(,, 42.0 30-388-3,45-414458-495 0.2 0.6 142 9'

r iI A

* + i,,ur p+,l*th~n,, hn A..,Idjhd AUl It '.r mspectlom hy Al- laboratori.



TAIULa 2. MILITARY 5VECIFICATIONS iFOR JP4 AND JP-5

MIL-T.5624G, 5 Nov 65*
JP-4 R-5

Gravity, API/60 45-57 36-48
Distillation: 20%, *F, max 290 --

50%, *F, max 370

90%, OF, max 470 -
EP, F, max - 550
Residue, %, max 1.5 1.5j
l.ou, %, max 1.5 1.5

Exigent gumn, mag/ 100 md, max 7 7
Potential residue, *I/OU nml, max 14 14

Sulfur, %, max 0.4 0.4
Mercaptan slfur, %, max 0.001 0.001
Reid vapor p pmssre, i 2.0-3.0 -
Freezing point, V, max -72 -51
Heat of combustion, BtAb,r 18400 18300
Anilinejýavity pro&-.t, min 5250 4500
Viscosity, cs at -30F, max - 16.5
Aromatics, vol %, nmx 25 25
Olefis, vol %, max 5 5
Smoke point, mm, nun - 19
LAuminometer no., inn 60 50

Ey.lodvegm, %, max - so
Flash point, F, min - 140
Smoke volatility index, nin 52.0 -

Copper corrosion, ASTM, max No. 1 No. 1
WSIM, min 85t 85t
Water reaction rating, nmx l-b
Thermal stability:

Filter AP, in. Hg, max 3.0 3.0
Preheater deposit color <3 <3

Particulate matter, mg/gal, max
F.O.B. orign deliveries 4 --
F.O.B. destination deiveries 8-

FSII content, vol % 0.10-15 -

canum OA inP-4w-tlt h4t t Ai, 1. 21Nowf-
t Iv J.nI -4, rtwwn~um WSIM wu .AoppW tb 70 lhy A~a aJtet I ait1 Ow t1.,aw

~rtur, '01o1 mhabtmtrx vii, taikd in t'&1 fhtw M:imrnWu tSIM1 ritmaiuwd at I

7



Five other additives used in this group of tests were as follows:

ASA Antistatic additive ASA-3 (Shell)
PtL Petronate L sodium sulfonate (Witco)
PiCP. Petronate CR sodium sulfonate (Witco)
NC-2 Sodium naphthenate from 415 mol. wt

acids, 25% active ingredient
NA-I Sodium naphthenate from 310 mol. wt

acids, 25% active ingredient

3. Injoctiom, Water

The coiitaminant-water used in these tests consisted either of filtered tap water or synthetic blends of various
compositions. The tap water available from the mains at Wright-Patterson AFC :s hard well-water with no treatment
except chlorination to 0.4 ppm gas itiiection. Total hardness is about 380 ppm, and pH is about 7.6. It has been used
for a considerable amount of single-element testing and has been found to be quit, consistent in pH and surface
tension. It appears quite suitable for use in filter-separator testing, so long as a suitable filter is installed in the
water-injection system to guarantee a low content of insoluble materials.

The principal synthetic water composition used in this work was originally designated "Standard Water No.
I." but subsequently was designated "Type B" since it is a close match for the Type B medium-hardness water
frequently cited in handbooks as typical of Great Lakes water supplies. This synthetic wat.-r was blended from
distilled water and reagent-grade chemicals to the foiiuwing composition (mg/liter):

Actual ingredients blended Ionic concentrations

NaHCO 3  164 Ca 36
CaCI2 ' 2H20 132 Mg 8.1
MgSO 4 - 7H20 82 Na 45

Cl 64
304 32
HCO 3  119

The filtered tap water or the Type B synthetic water was used in most of the AI/SS loop tests reported herein.
Table 3 gives iijection water quality parameters as measured in the loop tests.

Other synthetic waters were blended for special tests, using distilled water or type B blend as the base for
investigating the effects of water composition and properties on element performance. These waters were as follows:

pH 5 (distilled + 115 mg/Q NaCI + HCI)

pH 7 (distilled + I15 mg/1 NaCI + NaOH)

pH 10 (distilled + 115 mg/Q NaCI + NaOH)

p11 9.5 (Type B + NaOH)

pH ').5 (distilled + 164 rng/V NaHCO 3 + NaOH)

Type B i NaCl to total Cl content of 932 mg/Q

-5",r Type B + 35'7,, FSII

Distilled water

Distifled water contaminated with residues from a previous test (test 92) in which pH 9.5 water (Type B + NaOH) .
was used

The iirst series of waters to study pH-I effects was made from a sodium chloride solution adjusted to pH 5, 7,
or 10 by addintg [1c•11c amounts of 1(10 or NaOH, as required. The original ionic concentrations of the salt solution

8



TABLE 3. INJECTION WATER QUALITY PARAMETERS

Type of iniection wate-
Parameter statistics inetowaePFiltered tap water ":ype B synthetic water 65% Type B + 35% FSII

Surface tension, dyn/cm
minimum 61 60* 47
maximum 74 74 47
mean 71.6 70.8 47
standard deviation 1.3 2.9 0
no. of measurements 218 37 3

Solids content, mg/2
minimum 0.0 0.0 0.0
maximum 2.4 1.3 2.0
mean 0.20 0.22 1.10
standard deviaion 0.25 0.29 1.01
no. of measurements 218 38 3

pH
n.inzmum 7.1 7.9 6.8
maxmum 8.1 8.5 7.7
meai 7.54 8.16 7.37I I
standard deviation 0.20 0.15 0.49
no. of measurements 218 3

A value of 43 dyn/cm obtained in test 50 S tO not included in zalculation of mean or staid•rd deviation. Itdeviated from other values so much that it was judged to be erroneous.

were 45 mg/liter in sodium and 70 mg/liter in chlonde: these were changed very little by the p1: adjustments, the
increases being kss than 5 mg/liter in all cases. As would be expected, these waters had very little buffering capacity
and could not "hold" their pH through the test cvc!e of mixing vith fuel and -,eparation. Hence. they did not
provide satisfactory criteria of pH effects.

An attempt to prepare a buffered high-pH water by aiding caustic to Type B water resulted in significant
precipitation of solids and contamination of the water-injection system. The only satisfactory high-pH water that
was prepared was the pH 9.5 water prepared from NaHCO 3 and NaOH: this was. in effect, a carbonate-bicarbonate
mixture.

High-chloride water wa- prepared to simulate the chloride contents often found in water bottoms of fuel
storage tanks. The blend of 35% FSiI in Type B water was also intended to simulate field conditions, since any water
that has been equilibrated with large amounts of JP-4 fuel will contain some 15 to 40% FSII, depending on fuel
composition and temperature.

4. Solid Contaminants

The six solid contaminants used in this work were standard coarse AC dust, standard fine AC dust, standard
fine red iron oxide (Fisher 1-116), a coarser red i;os oxide (Pfizer R-9998), ground iron ore (Pfizer B00985), and
magnetic black iron oxide (Chemical Commerce Co N). The first three of these materials are used regularly in
filter-separator specification tests. The R-9998 red iron oxide was used in seven tesis, the ground iron ore was used
in eight tests, and the black iron oxide was used in two tests.

The AC dusts are siliceous "Arizona road dust" that has been collected and standardized for use in testing air
cleaners and filters. The coarse grade has a broad range of particle size, with appreciable amounts in the 80-200 and
below 5 1A fractions. The fine grade is prepared from the coarse by removing the larger particles.
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Both of the red iron oxides are high-purity materials produced by calcination of ferrous sulfate. Both are much
finer i. particle size than the AC dusts and the Fisher 1-116 is the finer of the two.

Complete specifications on particle size distribution of the solids are. given in Table 4.

TABLE 4. PARTICLE SIZE DISTRIBUTION OF TEST DUSTS

Ground
Standard AC Red iron oxide iron ore Black iron oxide

test dust Pfizer Fisher Chemical Commerce Co
Coarse Fine R-9998 1-116* Pfizer "N" magneticB-00985

Weight % below 200p 100 - --- . -- 100 100
80 91 100 --- . -- 99.9 99
40 61 91 ... ... 76.9 78.2
20 38 73 --- . 62.6 54.5
15 - -- 100 100 59.3 43.5
10 24 57 99.3 100 53.0 29.0
7.5 . .--- 98.3 99.7 45.6 17.6
5 12 39 84.9 98.9 32.1 8.0
4 .. .. 74.5 98.2 25.6 4.5
3 8t 21t 25.2 97.9 17.4 1.7
2 5t lit 7.3 97.1 8.0 -

l ... 5.6 94.1 0.2
-0.5 .. .. 4.9 77.7 ...
0.25 --- - ... 47.8 -

*Same as Pfizer R-2199.
I Not specifications; values based on analysis of a few samples.

Other than these "test dusts," the only solid contaminants used were plug valve lubricants that were examined
in three special tests. These were a MIL-G.6032 plug valve grease (Royal Lubricants Co) and Walworth No. I plug
valve sealant.

5. Filter-Separator Elements

Filter-separator elements from four mant:facturers were used in the tests reported herein. These eements
are identified as to manufacturer and lot designation in Table 5, which also gives element weight statstics for
each lot.

Although there is considerable difference in mean weight of elements fiom different manufacturers, this
difference is of no practical significance with regard to element quality or performance, since the element designs are
different. One statistic of interest in Table 5 is the standard deviation of element weights. which provides a measure
of the conformity among elements of a given lot.

Seven different lots of Filters Inc elements were used, Weight variations among these lots may be of signifi-
cance with regard to performance, since element construction appeared to be the same for all elements. Table 6 gives
the level of significance of differences between the means of various pairs of lots. There is a significart difference in
means between all lot pair-combinations except for Lots 440 and 440A. Later in the report (Section V), the extent
of correlation between element weight and element performance will be discussed.
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TABLE 5. FILTER-SEPARATOR ELEMENT DATA

Element Part Number Element weight SDDesignation Test no. of values, g %_ fma
manufacturer no. elersmnts Min Max Mean SD % of mean

Filters !nc 14208 Lot 286 48-83 37 623 764 657.5 26.2 4.0
Filters Inc 1-4208 Lot 428 84-90 6 625 678 661.8 18.9 2.9
Filterslnc 14208 Lot440 91-150 58 590 680 641.2 23.1 3.6
Filters Inc 14208 Lot 440A 151-199 49 578 700 639.5 24.7 3.9
Filters Inc -14208 Lot 465 200-2S7,258A,276,278, 67 478 587 522.3 20.4 3.9

1 .282,287,290,296,304,308
Filters Inc 14208 Lot 516 259A,260A,315-325 i2 527 635 564.2 30.8 5.5
Filters Inc 14208 Govt Std 3!0-313 4 541 580 567.0 17.7 3.1
Fram CC-SI IB Lot 14 261,264,265,268,273,280, 12 628 664 650.0 9.7 1.5

281,288,289,295,298,307
Bendix 04580004 262,266,267,269,274,279, 12 66 71 648.3 13.7 2.1

284,285,292,294,297,306
Bendix 04580004 No. 69 M 2814" 314,325,326 3 699 721 711.0 11.1 1.5
Bowser A1389B 263,270,271,272,275,277, 12 617 691 635.5 19.8 3.1

283,286,291,293,305,309
Iowser A1389B Received used 299,301 .. ... ...

from Andrews
AFB

Bowser A1389B t 327-329 3 642 674 654.3 17.2 2.6

IRIO elemnents
tSpeciul RIO ITr ,ents no. A 1389C were ordered, A1389B wen received y nd tested.

TABLE 6. SIGNIFICANCE OF DIFFERENCES IN MEAN WEIGHTS
OF FILTERS INC ELEMENTS OF DIFFERENT LOTS

Probability of chance grevter difference in mean

Elenent lot we It for different lots, _

FI 2%b FI42K F1 440 FI 440A FI450 FI 516

F1 429 >50 *- . . .-

Fl 440 0. 1-0.5 1-2.5
F1 440A 0,1-.5 1-2.5 >50 .

Ff4465 0.5.1.0 <0.1 <0.1 <0 I
FI 516 <0.I <0.I <01 -:(1.- - -

FIGS <O.I <0.1I <U. I '-.O.l j 01 -SO

- __I_ _ _ _



SECTION IV

TEST PROCEDURES

1. Loop Test Procdures

a. General

The test procedures discusseý in this section are those used in single-element loop tests reported herein.
Test procedures for other apparatus are discussed in Sections VII and VIII.

A total of 29 established test procedures was used in the single-element loop tests reported herein. Most
of these procedures are directed toward the evaluation of inhibited fue',s and are similar in conicept to the inhibited-
fuel test of MIL-F-8901A. The test procedures are outlined in the following pages and are listed for convenient
reference in Table 7, which also shows the loop test numters correspo'iding to each procedure number. In addition,
10 tests were run using special procedures. These vary greatly in scheduLk, contzrinant, and purpose, and are
described briefly in Table 8, and in dtail in the remainder of this secion.

The bulk of the work was performed using Procedures 10, 13-A, and 13-J. Procedure 10 is the same as
the MIL-F-8901A inhibited-fuel test as to solid contaminin-it (coarse AC dust) and test schedule (60-rnin water
injection only, then water and solids to 40 psi). Type B synthetic water ,was specified for Procedure 10, tt some of
the later tests were run with filtered tap water, after it hae been found tAat the effects of water composition wre of
little significance. The sampling schedule and other details of Procedure 10 differ from those of the MIL-F-8901A
inhibited-fue! test, as will be seen from the detailed outline to be presented.

Procedure 13-A represents a rev ision of Procedure 10 toward the direction of a more realistic sequence
of operations. The solid contaminant is coarse AC dust (as before); the injection water is filtered tap water. The
schedule requires injection of dust along with a very small amount of water (0.01% of fuel flow) until the element
pressure drop reaches 20 psi. At this poin., the dust injection is discontinued and the water injection rate is increased
to 1% of fuel flow rate fo: a 15-min period. At this time, if the element pressure drop has not risen co 40 psi, water
injection is continued at 1% and dust injection is restarted and continued to 40-psi pressure drop. This procedure is
designed to ei,,ainate the excessive wvater washing of the fuel and element that exists in MIL-F-8901 A and Procedure
10 during the initial I-hr period.

Procedure 13-J is identical to 13-A except for the use of fine AC dust as the solid contaminant.

Procedures 11 and 12 are MIL-F-8901A procedures, slightly modified, for a special series of evaluation
tests.

The MIL-F-8901B tests employed are adaptations of the designated procedures for use in the AI/SS
loop. In most cases, the only difference between the actual test procedure and the specified test procedure is the
drawing of extra samples for analyses.

All of the other procedures represent modifications of 12 A that were investigated during the course of
procedure development.

b. Procedure 10

Tests are run with a single military-standard coaiescer element and double-wall canister mounied in an
8-in. aluminum housing. A fresh element is used for each test. The canister and housing are cleaned and rinsed
thoroughly between tests.

13



TABLE 7. PROCEDURES USED IN LOOP TESTS

Procedure Loop test nos. Type of procedure

10 48.83,91.100,110,134 Similar to MIL-F-8901A inhibited-
138,142,143,148 fuel test

11 84-86 MIL-F-8901 A inhibited-fuel test
12 87-90 MIL-F-8901A red iron oxide

slurry test
8901 B 256(40 gpm),257(30 gpm) Inhibited-fuel test
8901 B 258-A,259-A Media migration test
8901B 258-B,259-B Dry red iron oxide test
8901 B 260A Water removal test
8901 B 260B Red iron oxide and water test
8901B 314,325-329 Modified inhibited-f~iel test (PKizer

R9998 red iron oxide instead of AC
dust)

13-A* 101,107,109,125,132, "Dirt-first" loading with coarse AC
133,136,137,140,141, dust and 0.01% water before 1%
144,146,147,184-224, water injection
230-255,261-298,304-313

13-B 102 Initial dust without water
13-C 103 Final water rate, 3%

13-D 104 Extra 8 hr cý" fuel flow
13-E 105 Red iron oxide (1-116)
13-F 106 Dust injection rate, 25% r•ozmal
13-G 111 Fuel and water rates increased
13-li 112 Water into fuel. pump suction
13-I 113,114 Fuel, 16 gpm; water to pump

suction

13-J 115,126-131,135,139, Fine AC dust
145,149-151,154,155,
157,159,161,162,170,
172,176-179,225-229

13-K 116 Fine AC dust; water 1% throughout
13-L 117 Same, extra 120 min iuel and water
13-M 124 Red iron oxide (R-9998)
13-N 152,153,156,158,160, Fine AC C' st at 50% normal rate

162-165,171,173
13-0 166-169,174,175,180-183 50/50 fine and coarse AC dust
13-P 315-322 Ground iron ore (Pfizer B00985)
13-Q 323-324 Black iron oxide (magnetic "N",

Chemical Commerce Co)
14 108 4-hr cycles
14-A 118,119,121-123 4-hr cycles, fine AC dust
14-B 120 4-hr cycles, fine AC dust, loaded

to 10 psi on)y,

*Procedure 13-A and all subsequent procedures are of the "dirt-firsit" type in which the element
is first loaded to 20 psi (or some specified pressure drop) with test dust, accompanied by
0.01% water. This is followed by a period of 1% water injection without dust injection, then
by dust and water (1%) until the pressure drop reaches 40 psi. Subsequent procures differ
from 13-A only as specified.
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TABLE 8. SPECIAL LOOP TESTS

Test no. Element* Test fuel rontaminants Purpose of test

203A 1 Water To expose element to fuel and weter
for subsequent dryout and retest.

204 2 Water, coarse AC dust To evaluate performance of an elemeit
which had been previously subjected
to fuel and water and then a!lowed
to dry.

299 3 Water To determine if element had any
!water coalescing capability.

300. 4 Water, plug valve greaset To determine th,, effect of plug
vadvo- grease on element performance.

300B 2 Water To dtermine coalescing capability
of element which had previously been
exposed to plug valve grease.

300C 2 Water To determine coalescing capability of
element which had previously been
exposed to plug valve grease.

300D 2 Water To determine coalescing capability
of element which had previously been
exposed to plug valve grease.

301 5 Water, plug valve sealantt To determine the effect of plug
valve sealant on element perfor-
mance.

302 4 Water, plug valve sealant t To determine the effect of plug
valve sealant on element perfor-
mance.

303A 4 Water, coarse AC dust, glycerol To determine the effect of glycerol
:wd coarse AC dust on elemer'
performance.

303B 2 Water, coarse AC dust, glycerol To determine the effect of glycerol
and coarse AC dust on element
performance.

"Element identillhation
1. Fhltern Inc, 1-420M, lot 4b0
2 Sime elemcnt that %;as uWid ti tvouI tet.
3. tied Bowser cdement from Andrv,5 AI-1i tpat no k 1389 B).
4 New Howwr lenment (part no. Al 389 W3
i. I ttowd Bnier element ftom Arndwi AFB (A I IN9 8l) ,ti.h taid bcrcn ýoakcd iý lo•_o ,+n, I ,tcr 24 hr

a.lt'lc fIrcil, Royyl I Aubri' ant ( o. t.onrmt0 t, %II- -(' 40

tI ntifled , ail% W ortil No 1
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I Standard test conditions are:

Fuel flow rate 20 gprn
Fuel supply pressure 70 nsi
Fuel temperature entering

test section 800 F (750 F in early tests)

Standard contamir,,nts are coarse AC dust and Type B synthetic water*. The test schedule starts with a
I 5-mmn "pre-test" period with fuel flow but no contaminant injection. The start of the test proper (zero time) is the
end of this pre-test period, at which time the contaminants are injected n~ccording to the following schedule:

0 to 60 min Water 0.2 gpm, no solids
Remainder (to 40 psi) Water 0.2 gprn, solids 5.72 gfmin

The solids injection rLie corresponds to ,i concentration of 0.286 g/gal irt the fuel. At this injection rate,
the element is loaded to its nominal dirt-holding capacity of 200 g in 35 min.

Either fresh base fuel or fueý from the preceding test may be used. The following step-by-step -itt
procedure is used with fresh base fuel, starting wit I a clean system:

Weigh a new coalescer elerdient to the nearest gram, and check for integrity in the coalescence tank, using
uninhibited base fNO. Then install ~he element in the single-element aluminum housing, ajong with a
double-wall canister:

,,Vote. Mhe element may be installed at any time prior io the start of the pfe-test period.

Pump 600 ± 50 gal of clean base fuel through a suitable cleanup fil ter -separator (outside the loop) and
into one of the Icop fuel tanks, Determine the amount actually charged by meter readings, tank gage *
glass level, akid line and component holdup volumnes established previously. All subsequent operations ate
performed using this one tznk with recirculating fuel.

Circulate ;it .40 gpm through the cleanup filter-separator (bypassing the test housing) until the fuel is
clean anid Orv as Jeterinjined by Tota-nitoi reaciags a,!J sample analvsr~s 'cquimed. The fu!Ž1 tempera-
ture should he adjusted to approximately 80'F during this time.

Circulate at 40) gpin through the main fuel typass (bypassing both the test housing and the cleanup i
filter-separatori. nject the required amount of corrosion inhibitor over a I 5-mmn period. tLet, inject the
requirtd amount oif fuel syst em icing inhibitor over a 15-mmn petioOi and flush the iinjectkic sysiter. aridI
lines with test fuel Direct thc maiil fuel flow through the clealnup filter-sIep&-.-aor (but liypayi the test
housinR), and continue to recirculate fo.t a mmirnimm of' I5 min at 40 gpmn. Recheck the ci-antlinces. of
the fuel.

N~ote- 11i prece~fimg, %iep is oiit ted when additive-f-ree fuel is, teing ttsted.

Inspect and cJean the mix~ing %s'teen, or initil~l the wcrom i ait has be co omitted 1,rowi the screen hoturing,

Set thxe 1Wi flow jtr i 20 gpill w ~t ~ta I I III t1~,'r'Twi~cr icidinit a! .'tro, and duodc the fuel flo4
througth the tesýt housing anid cleAmip tilter f~ ao Recirm:tiiatc tor 1I ~ imn, During this "pte-lest''
pcro.d, idpist flow ;Atsind tcinpcriture,;, check operationi(if all, Intotumcnt%. tA&C ýAmp&ek i. tetlutred,
Aind hAve (lhe wat-r inicction kystein tuning anid cadj te i'hrecl the flow 4Iwo the fuel line.

tINCICrd Ill, )*,akIe o UW-A. III wmc, of it~f taitrn ti, Inlik ;0-Ttrv~m

lb'



At the end of the 15-mmn pre-test period, start timnng the run and direct the water fIwinoteflln.

Take readings and draw samples as indicated in subsequent paragraphs. When thk water level in the test
housing covers the openings in the canister base, drain water at a rate that will maintain a stable level in
the housing.

During the 60-mmn test period with water injection, prepare the solids injection system for operation and
calibrate the dirt feeder, if this has not been done previously. Five min before the ead of this 60-mmn
period, direct futel flow at 3 gpm into the swirl hopper, and turn on the solids injection pump; regulate
the pump speed to maintain a stable fuel level in the swirl hopper.

After 60 min of test time, start the dirt feeder. Continue to inject both solids and water until the
pressure drop across the test housing reaches 40 psi. At that time, cut off the dry-dirt feed, take final
samples, and shut down the fuel flow.

Record test housiiig pressure drop and Totamitot readings every 10 min throughout the run, and also (1)
35 min after the start of solids injection, i.e., :after 95 min of test time, (2) w',:en the pressure drop
reaches 20 psi, and (3) when the pressuie drop reaches 40 psi. Totamitor readings are taken from the
recorder clha'ts after the run, and any peaks occurring between the regular readings should bc noted.
Record -creen pressure drops, cleanup filter-separator pressure drops, and totalizing flownieter readings
approximtately every 10 min of test.

Drawt samples for analysis as follows:

Clean influent fuel - solids Pre-test, 30, and 95 minISame -- WSIM, I1FT, and FSII content Pre-test and 95 min

Effuent fuel - solids and free water 30, 95, andl 130 r-in,
and 20 and 40 psi

Injection water -- sc~lids 30 min
Same - pH and suifixe tension 30 and 95 min

L ~Coalesced water - pV,~ surface
tension, and FSI I contenit 30 and 95 min

WRuove tae coalescer element from the housing without losing any test dust, rinse in isopropanoi and
then petroleum ether, dry to constant weight. and record the weight to the nearest gram.

If the ,arne tuel is to be r.-used inthe subsequeiit test, analyz~e for FSIH and reblertd to the iequired levd.l
then continue with the next test.

If' the next test requires fresh furl. ililiip the used fuel to scrap storaige antd dratit the loop syýstemi

Brning In ba. fiel tSxl~e as used tor the ncxl test() n4i cntculate throughi the ~iranup tilite sepaiator at 40

grn, for 30 mnn then, dis,.ard this fuel and diain the losop t ,oiivRepeat -ith a tresh NMIcl of
urotihibited ituel. but thx tinie bkpasongI -the clealnop tI'l teC: -sepaI ator lDutm rg his1 tlime 1pla1ce dwi

clcaoup filtet wparatof ekmenits. V ith fresh clrnwiis lhei~rd arid tiraite wcci;d flush, Then, hoi~ll III

foili o iht' u&- on:d ýfltrt !I1c !ew *rcit ;eqolrsce .1, deskcribeil pre%1iou1.0

This I% ser%-xtWJI (tit M11-4-SI $11 A wrhibited-turi -to pidi- a% adapied tii the Ai-looip 1the 1c~t
luel it JP S ciinf ainipi 1 It lb (d I t santolrlie (' but ii;', .S'l It eshik NCelikid luiel 1% 'pi p4aid t"I CeIJ test 1 dIKI



contaminant is coarse AC d,•st injected at a rate of 5.72 g/min, thus loading the element to rated capacity in 35 min
of solids injection or 95 mii: of testing. Except for the drawing of samples for AEL determination of free-water
content and certain special samples for modified Karl Fischer determinations of total water content, the sampling
schedule follows that of 8901 A. Below is the sample schedule that is used:

Effluent-fuel - solids 65, 70, 80, 95, 110, 120, 130 min;
20, 30,40 psi

Effluent-fuel - K-F 5, 10, 20, 30, 40, 50, 60, 70,
80, 95,110, 120, 130 rain;
20, 30, 40 psi

Clean-fuel - K-F 30, 60, 95, 130 min;
20, 30, 40 psi

Clean-fuel - saturation Pre-test

Effluent-fuel - AEL, line (2) 95 min
and bottled (2) 20, 30,40 psi

Clean-fuel - WSIM Pre-test

Clean-fuel - IFT Pre-test; 40 psi

Injection water - solids,
pH, surface tension 50 min

In actual operation, it was found that the 20-, 30-, and 40-psi samplIes along with the 80- and 95-rain
samples came so close together :hat it was impossible to get them all. Also, it was found that in all tests, the pressure
drop reached 40 psi in 95 min or less, so that there wcre no subsequent samples.

d. Procedure 12

This is essentially the MIL-F-8901A red iron oxide emulsion test, commonly termed the "slurry test."
Briefly, the test procedure consists of injecting 3% water and G.0035 lb of slurry per gallon of fuel until the pressure
dfop ieaches 40 psi. The Alurry consists of 0. lb of 1-1 16 red iron oxide per po,,nd of 50-50 water-fuei mixture, thus
containing 9.09% of o ide by weight. The solids injection rate is 0.145 g pei -allon of fuel, or 2.89 g/min in a
20-gpm test. At this rate, the nominal dirt-holding capacity of 200 g is reached in approximately 70 min of injection.

In the tests ieported here, 'he test fuel was uninhibited JP-5, instead of the VV-K-220 kerosene specified
in MIL.F-8901A As in Procedure 11, certain additions were made to the sampling schedule, 'resulting in the
fo|llowing.

Effluent-fuel solids 5, 10, 20, 30, 40, 50. 60, 70 min
10, 20. 30 40 psi

1fliuern-fuel K-F Same as above

(lejantuel K-F 10. 20, 10, 40 psi

O'ean -fuel Sturation irelest

I: lluctit-luel A I ,
1Ine .2) n116 bottled (2) 10. 20, A 040 psi

I u-i itlmr -ater Wlid.oh

pH, NuIl cr tenttill 50 mil
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It waL found thza there was some "pile-up" in sample scheduling and slight modifications had to be
made to Ait the behavior of the inuwvidual tests.

The method of preparing and injecting the slurry is somewhat different than that described in MIL-F.
8901 A. Slurry of standard composition is prepared prior to test in a slurry mixing tank istith recirculating pump (see
Figuie 2). This system had been designed to handle thin slurres, and the pump capacity and lint sizes are inadequat"
to do a thorough mixing job on thick slurry. Therefore, the pump is used orly to keep the bottom of the mixini;
tank clear by recirculating, with no back pressure other than pressure drop in the lines. The actual mixing of the
slurry is performed with a mechanical stirrer (propeller type), which is run continuously while preparing and
injecting the slurry.

Slurry from the recirculating line is picked up by means of a peristaltic pump and metered into the
injection hopper, where !# is picked up by the fuel stream and solids injection pump, i.e., handled just as if i'x had
been dry diit. Metering oi the slurry is reasonably accur; te, but the-re are problems with deposition of red iron oxide
in the slurry mixing tank and deposition of s'urry in the injection hopper. When slurry is metered into the swirling
fue! stream in the hopper, it becomes very evident that the feed rate into the main fuel line is erratic because of
temporary hang-up of slurry globules, and also that the slurry is very resistant to dispersal in fuel. In order to avoid
the temporary and sometimes permanent hang-up of siurry globules in the injection hopper, the slurry feed line is
direct to the center of the hopper, i.e., where the slurry will drop di .ctly into the inlet of the Moyno injection
pump.

e. Procedure 13-A

This procedure is similar to Procedure 10 except for major changes in the schedule of water and solids
injection, which in turn affect the sampling schedule. The only other significant change (in comparison with
Procedure 10) is the use of filtered tap water rather than synthetic water. The solid contaminant is coarse AC dust
(same as Procedure 10). The fuel flow rate is 20 gpm, the fuel supply pressure is 70 psi, and the fuel temperature
entering the test section is 800F. The following test schedule is used:

0 min to 20 psi Water 0,002 gpm, solids 5.72 g/rain
Next 15 miii: Water 0.2 gpm, no solids
Remainder (to 40 psi): Water 0.2 gprn, soLds 5.72 r,'min

The corresponding ratios of contaminant.; to fuel are: watcr 0.01 and 1V, of fuel flow, and solids 0_8b
g/gal. At this solids injection rate, the element reach-ies nominal dirt-holling capacity of 200 g in 35 min of dirt
injection

T timitor readings and test-section pressure drop :4re iccoided every 5 mitt and at 20 anil 40 psi.
test-section inlet temperature every 15 min, and totalizing flowmeter readings, screen pressure drop. and cleanup
filter-separator pressure drop at the start and ,-nd of the test The following sampling schedule is used.

Fffluent-fIel -\EL 5 amnn 20 psi. 5. 10. n1d IS min after
20 psi, 40 psi

Effluent-fuel solids. 5 mn,, N0 pi. 5 mm Ater 21) piA 40 pmi

influc'it -•-el WSiM
;mid IFF IJC iest

hilutndah soli es,;lP t-teds,

(~, JIM~ce %1A,11tA,1 ICIM1 Poý!~it 1C%1 !•~lltlll.

dC.,C wae VS



f. Procedore 13-B

Same as 13-A except no water is injected during the initial solids injection period (0 min to 20 psi).

g. Procedure 13-C

Same as I 3-A, except water injec'tion rate is increased to 0.6 gpm (3%) starting at 20 psi and continuing
to end of test.

h. Procedure 13-D

Some as 13-A up to the 20-psi point; then water and solids injections are shut off, and fuel flow is
continued for 8 hr additional. After an 8-hr shutdown, fuel flow is restarted, and the regular schedule of Procedure
13-A is resumed as if starting forn the regular 20-psi point (15 min of 0.2 gpm water, then water plus solids to 40
psi).

i. Procedure 13-E

Same as 13-A, except solid contaminant is 1-I 6 red ir:'n oxide.

j. Procedure 13-F

Same as 13-A, except solids (coarse AC dust) injection rate is 25% of normal, i.e., 1.43 g/nain.

k, Procedure 13-G

Same as 13-A, except the folluwing scheu,;'e is used:

0 min to 10 psi Water 0.002 gpm, solids 5.72 g/min
Next 15 min Water 0.2 gpm (no solids)
Subsequently Fuel flow rate increased every 15 min in

2-gpm increments to a maximum of 32
gpm, keeping water injtction rate at
17 of fuel flow rate. Water rate then

increased stepwise to 1.2 gpm and later
decreased to 0.032 and 0.0032 gprr.

1. Procedure 13-H

Same as 13-A, except water is injected into fuel purtip suction. Also, after regular schedule is compieted,
solids injectio.n is discontinued and water injection is continuet .it 0.2 gpmn, while reducing fuel flow rate every 15
Mmm in 2-gpin inicrements down to 10 gpin.

m. Prv,:.edure 13-i

Sme as, '3-A, except fuel tlhw fLtv' t:- glp:n and water iN inje-ed into fuel pump sucoton.

f Procpdore 13-J

Samne as 13-A. except solid cowimm - nt i• 'ine AC dusit

0 Procrdure 1? K

Samne is 13-A, ,xcept solid --onitamnint is tine AC dust, ind watc" injection r:mt.! is 0.2 gpm throughout
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p. Procedure 13-L

Same as 13-A, except solid contaminant is fine AC dus!, water injection rate is 0.2 gpm througnout test.
and dirt injection is scheduled as follows: First injection terminated at !0 psi. then 120 min without dirt injection.
then dirt injection restarted and continued to 40 psi.

q. Procedure 13-M

Same as 13-A, except solid contaminant is Pfizer R-9998 red iron oxide

r. Procedure 13-N

Sar• as 13-A, except solid contaminant is fine AC dust, and solids injection rate is 50% normal (2.86
g/min).

s. Procedure 13-0

Same as 13-A, except solid contaminant is 50% fine AC dust a,'d 50% coarse AC dust (by weight).

t. Procedure 13-P

Same as 13-A, except souid contaminant is Pfizer B00985 ground iron ore.

u. Procedure 13-0

Same as 13-A, except solid contaminant is Chemical Commerce Co. "N" black magnetic iron oxide.

v. Procedure 14

Same as 13-A, except test consists of five 4-hr cycles and a final cycle, with at least 10-min shutdown
between cycles:

Each 4-hr cycle: Water 0.002 g'rn throughout, solids 5.72 g/min until pressure drop

reaches 20 psi.

Final cycle: Water 0.2 gpm, solids 5.72 g/min; test terminated when pressure

drop reaches 40 psi.

w. Procedure 14-A

Same as Procedure 14, except souli contaminant is fine AC dust, and final cycle is omitted if pressure
drop has reached 40 psi in a previous cycle. If a final cycle is necessary, it is run at the end of the fourth cycle
without intermediate shutdown.

x. Procedure 14-B

Same as Procedure 14, except solid contaminant is fine AC dust, and solids injection cutoff point is 10
psi instead of 20 psi. Cycle schedule is the same as in 14-A

y. 89018 Procedures

(1) Inhibited Fuel Test

Although this procedure is quite similar to Procedure 11, there are a few important differences
be!wee'n the two. The fuel used is JP-5 with 16 lb/Mbbl of Santolene C and 0.15% FSII. As in Procedure II, the
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solid contaminant is coarse AC dust but it is injey:ted at a rate of 2.86 g/min instead of 5.72 g/min, thus loading the
element to rated capacity in 70 min. Two of these tests were run, one at 40 gpm and one at 30 gpm. No samples
for Karl Fischer determinations of free water are drawn at any time during the test. The following is the sample
sch,;dule that is used; this difters slightly from 890 1B.

Influent-fuel WSIM. IFT, FSII Pre-test and post-test

Effluent-fuel solids and AEL 5, 10, 20,30,40, 50,60
70,80,90,100,110,
120, 130 min;40 ps

Injection-water solids, pH, -rnd
surface tension Post-test

12) Media Migration Test

Briefly, this test consists of subjecting an element to fuel at six different flow rates ranging from 6
to 34.5 gpm for 10-min periods, and sampling the effluent fuel for solids content determination. No solid contami-
nant or wiler is injected at any time during the test. The following sample schedule is used:

lnfluent-fuel WSIM, IFT Pre-test

Eiuuent-fue! solids 5, 10, 20, 30, 40, 50, 60 min

(3i Dry Red Iron Oxide Test

In this test, red iror' oxide (Fisher 1-116) is injected into a fuel flow of 30 gpm* at a rate of 2.86
glmin: no w3ter is injected at any time during the test. At this rate, the element is loaded to its specified solids
capacity of 10 grams per gp:n of rated flow in 70 min. The test is continued until structural failure of the element
becomes apparent or, if no fa.-ure occurs, until a differential pressure of 75 psi is reached. The sample schedule is as
follows:

Influent-fuel WSIM, IFT, FSII Pre-test, post-test

Effluent-fuel solids 0, 5, 10, and each 10
min until 40 psi
is reached; 40 psi
and at each additional
5-psi difference thereafter

(4) Water Removal Test

As adapted to the AI/SS loop, this test consists of subjecting an element to a 34.5-gpm fuel flow
for the first hour, and a 32.8-gpm fuel flow for the second hour of the test. No solid contaminant is ir.jected at any
time during the test. Water is injected at a rate of 0.17 gpm during the first hour, and 1.32 gpm during the second
hour of the test. The following is the sample schedule used:

Influent fue* WSIM, IFT, FSII Pre-test, post-test

Effluent-fuel AEL Every 10 min during first hour; every 5 min
during second hour.

Injection-water solids, pH, Post-test
surface tension

*MIL-F-8901B calls for flow rate to be that for which the elements are rated; in the tests reported herein, elements rated at 20 gpm
were tested at a flow rite of 30 gpm.
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(5) Red Irort Oxile in Wpter Test

Conditions for this test are a fuel flow of 30 gpm*, a water injection rate of 0.9 (3.0% of fuel
flow) and a solids injection rate of 2.86 g/min of red iron oxide (Fisher 1-116). These conditions are maintained
from 0 min of testing until a 40-psi differential pressure is reached across the element. Below is the samp!e schedule
that is used:

Influent-fuel WSIM, IFT, FSII Pre-test, post-test

Effluent-fuel, solids, AEL -n"in and every 5 m~n

thereafter; 40 psi

Injection-water solids, surface Post-test
tension, pH

(6) Modified Inhibited Fuel Test

This test is identical to the inhibited-fuel test except that red iron oxide (Pfizer B9998) is used in
place of coarse AC dust, and corrosion inhibitors other than Santolene C, in differing concentrations, may be used.
Test using this procedure may also be run on fuel containing no inhibitors. The sample schedule is the same as for
the inhibited-fuel test. Fuel flow rate is 20 gpm.

2. Clay Treating Procedure

a. General

The procedure listed here is used to clay treat a batch of fuel in preparation for a subsequent single-
element loop test. The procedure is written primarily for fuels containing FSII and corrosion inhibitors, but can be
used with minor modifications for other fuels. Fuel is treated by pumping from one of the loop tanks through the
clay fidter, and into the other tank. This is repeated for two or more passes through the clay filter. The fuel volume
treated is normally 600 gal; it may be fresh, additive-free fuel, or it may be additive-containing fuel remaining after a
single-element loop test.

Fuel is not normally discarded between runs; i.e., the same fuel, plus makeup, is used from test to test.
Ordinarily, the loop is not flushed between runs, and cleanup filter-separator elements remain unchanged from run
to run, even when changing from one inhibitor to another. During a loop test on a filter-separator element, the clay
filter is bypassed; it is used only for clay treating between runs.

b. Nomenclature

The following nomenclature has been adopted for reporting clay-filter operations,

Influent sample Fuel drawn from line entering, 'ter-
separator test section in AIlS'-. oop

Clay-treated fuel Test sec'tion influent after day treatment.
without the addition of" a inhibitor

Pre-test sample Test section influent during regular
pre-test period conttains inhibitots
if same were added for test

*MIL-F-8901B calls for flow rate to be that for which the elements are rated; in the tefts reporled hercitn, Ldietcnt rated V. 20111)
were tested at a flow rate of 30 gpm.
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Post-test sample Test section influent after completion of a
single-element test

Fu-,el volume treated Amount of fuel in system subjected to clay tteatr.ent
(excluding residual fuel in clay-filter housing from
prev i ;s L;, w-.hiA h has been. treated previously)

c. Outline ot Procedure

With the correct volume of fuel in one tank, it is pumped at 40 gpm through the cleanup filter-separator
and .lay filter to the other tank, then back to the first tank; the direction of flow through the cleanup filter-
,,:ýarator and clay filter is the same in both of the two passes. This back-and-forth pumping is repeated for a total of

two or more passes. The fuel, in the original tank, is then recirculated for 5 min at 40 gpm through the cleanup
filter-separato: and clay filter, and the "clay treated fuel" is sampled and analyzed for WSIM, IFT, and FSII content.
The clay-treated fuel may be held for a maximum of 72 hr before use in a loop test; if held longer, it must be
re-treated,

The clay-treated fuel is then blended with inhibitors as required for the subsequent test. It is assumed
that the clay-treated fuel contains absolutely no corrosion inhibitor, i.e., that such materials have been removed
100% by the clay treatment. The actual FSII content of the clay-treated fuel, as determined by analysis, is used to
calculate the FSII makeup requirement.

The treated fuel is then used to run a single-element loop test. Pre-test and post-tta! fuel samples are
analyzed for IFT, WSIM, and FSII content ;r, addition to any other analyses specified in the single-element loop test
procedure.

d. Spec; ic Test Sequences

When fresh fuel is to be charged to the loop, the system is first drained thoroughly, including the
cleanup filter-separator and clay-filter housings. The loop is not ordinarily flushed, nor are the cleanup filter-
separator elements changed. One of the tanks is loaded with outside fuel (normally uninhibited fuel) in amount of
600 gal pius allowance for clay-filter holdup, line holdup, and losses. This fuel is recirculated for 5 min at 40 gpm
through the cleanup filter-separator only, and sampled for IFT and WSIM. It is then clay-treated with four passes,
after which it is used in a sub'equent single-element test.

For a repeat test mn the same inhibitors, no draining, flushing, or element change is required. Fuel losses
it, the previous test are made up %ith outside fuel; the fuel is day-treated with two or more passes and then used in
a S1-ngle-ele¶1,Int test.

When changing co-iosion inhibitor (assuming that all tests are run with FSIi present in the fuel), the
sequence is ldenti'al to that used for iepeat tesii on the same inhibitor, except that four passes are used in the clay
treatilig

Fuel may he retused, and tihe same set of clay-canistei elements may be continued in service, so long as

the treating conimues to restore lie fuel to -un|inhibited-fuel quality," as evidenced by high values for WSIM and

Recotrd,, oi cuntulative weli olunies teated a!ld clav-filter throughput are kept for each set of clay-
,ister elt-eni,. th1 vollumes heing broken down into umninhibited and inhibited fuel

3. Analytitcal "Tc-niquos

S Gene, .i

"Six itsýp ot .,n1aliii•,.l !c%1s were ri.lde io. :,,firnpcinno with tros- of the loop tcs;e described in this
rcpir., t sing icchinitlu dcui rK% d in ,hik •eC.tin, anallse, were imiade on intluent fuel, ellunent fiel, and injection
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b. Influent Fuel

(1) Water Separation Index Modified (WSIM) Determination

The method used followed ASTM D 2550-66T except for deviations in the test fuel flush (amount
and scheduling), in the scheduling of coalescer cell installation, and in the use of both hot and cold water (65 to
900 F) for temperature control instead of the use of only cold water as prescribed in ASTM D 2550-66T.

Two test fuel flushes of 180 te 220 ml rather than 200 to 250 ml were used prior to calibration of
the ý)uiýit meter. iimmediately after the second test fuel fbish, the coalescer cell assembly was installed and the
calibration of the output meler was then effet.d using 400 to 600 mi f lest fiel.

(2) Interfacial Tension (OFT) D6termination

In this determination, a platinum ring was pulled upward through a water-fuel interface and the
required force was measured. All determinations of this type were made using a Fisher Tensiomat Model 21
according to instructions supplied by the manufacturer and in general accordance wit'i ASTM D 971-50. A few
important deviations from this method, however, were made. Instead of rinsing in pe roleum naphtha or benzene
followed by rinsing in mehtyl ethyl ketone, the ring was cleaned by rinsing in benzene or toluene followed by rinsing
in acetone. Also, the interface aging time was always 45 to 75 sec. Lastly, samples for analysis were never filtered
prior to this determination.

(3) Fuel System Icing Inhibitor (FS11) Determination

In this test, FSII was removed from a sample of fuel by extraction with water. The amount of
icing inhibitor in the extract was then determined by measuring the difference between its refractive index and that
of the water used in making the extraction. The test method is described in FTMS-791 a Method 5340.

A Seiscor Model AC-500 differential refractometer was used. However, the procedure deviated
from the manufacturer's directions and from the FTMS-79ia method. A major deviation was the use of fuel-
FSII blends rather than water-FSII blends in preparing the cell calibration curve. Other deviations used in an
effort to refine the method and make the determination more accurate and reproducible were the use of a
second separatory funnel in which the FSiI-extract solution could separate further from remaining traces of
fuel and the use of a polypropylene needle on the second separatory funnel to facilitate filling of the cell.

c. Effluent Fuel

(1) Solids Content Determination

The method used followed the laboratory filtration method described in ASTM method D 2276-
67T. A known volume of fuel was filtered through a preweighed test membrane filter and the increase in membrane
filter weight was determined after washing and drying. The change in weight of a control membrane filter located
immediately below the test membrane filter was also determined. The total contaminaticn was then determined
from the increase in weight of the test membrane filter relative to the control membrane filter.

The only major deviation from the ASTM method named was the addition of a color sating of the
test membrane filter after the filtration, diying, and weighing.

(2) AEL Free Water Determinationt

With the AEL method, effluent fuel water contmnt was measured using a porous pad which was
coated with a water-sensitive uranine dye. When fuel containing free water was passed through the water-detector
pad, a change occurred in the dye at the point of colptact of each water droplet. This change caused the dye to

*"his determination is described in detail in Section VIII-5 of this report.
.,'aluations of the AELI method of free water determination are d,:scribed in earl;, reportN.016)
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fluoresce brightly when the pad was exposed to ultraviolet light. By using a measured sample volume, and comparing
the pad with known standards, it was possible to obtain a relative rating of free water content.

AEL free water analysis was performed on line samples at the sampling port using water-detector
pads conforming to MIL-D-81248 (WP) and the following sampler components available from Millipore Filter
Corporation:

No. XX64 037 03 Quick-release valve

No. XX64 037 08 Sampler with inlet hose and valve assembly and
1000-ml polyethylene bottle

No. XX64 037 75 Stainless steel monitor case

The ultravioici lght pad-viewer and set of AF.L standards conformed to MIL-V-81227 (WP) and
MIL-S-81282 (WP), respectively.

In an earlier report( 6 ), the AEL free water detector wds evaluated for accuracy of ratings. Results
of that evaluation indicated that for direct line samples from the AI/SS loop, there was a clear relation between
sample size and AEL rating. The optimum sample was indicated to be slightly less than 300 ml for best agreement of
AEL rating with free water content of the fuel. Other measurements, made in a batch-blending system which was
sealed to prevent water exchange between the fuel and the atmosphere, indicated that the optini.n sample size was
275 ml. These results suggest very strongly that the "as-read" AEL ratings for 500-mnl direct line samples reported
herein are higher than the actual free water content. The AEL ratings obtained in loop tests and reported here* are
direct, "as-read" values. The sample-size correction wa!. omitted for two reasons: (1) it is not certain that a
correction factor based on results( 6 ) obtained with uninhibited JP-5 fuel can be universally used, and (2) as far as
comparison and statistical analyses are concerned, the conclusions tlat are drawn will be the same whether the AEL
ratings are multiplied by a factor or not.

d. Injection Water

(1) Determination of pH

A Leeds and Northrup pH indicator (Model 7401) wds used according to the manufacturer's
instructions.

(2) Solid Content Determination

As in the case Lf the effluent fuel solids determination, this method followed closely ASTM
method D 2276-68T of laboratc;y filtration, but was modified for use with water samples. Instead of the commonly
used 0.8-g Millipore r"etabrane filters, metallic 0.8-y filters (Flotronics Inc, Cat. No. FM 47-80) were used. Filtered
distilled wate- hdd to be used, rather than petroleum ether, to rinse out the sample bottles. As in the determination
of efiiuen fuel solids, a known volume of water was filtered through a pre-weighed filter and the total contaminant
was determined from the increase in weight of the filter after washing and drying. However, in analy !ing water
samples, no control filters were used, since the silver mem'ýranes ate insensitive to variations in washing and
procedures or to changes in ambient humidity.

(3) Surface Tension (ST) Determination

The technique used wa3 essentially the method described 'n ASTM D 971.0). After having
obtained satisfactory values (71 to 72 dynes/cm) for the surface tension of distilled water, a sample, of injection
water was tested in the same way. This sample was drawn downstream of the water injection system filter and was
not refiltered prior to the determination. A Fisher Terisiomat Model 21 was used. One notable deviation from the
AS1M method was that the platinum ring was cleaned by immersing first in benzene or toluene and then acetone
-rther than in petroleum naphtha or benzene and then methyl ethyl ketone.

*In the smiall-sc'lj 'oalesc.ncricewlO, reported in Section Vii, AHI. ratine corrections were made.
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SECTION V

LOOP JEST RESULTS AND DISCUSSION

1. General

The loop test results used in the analyses which follow can be divided into four groups. One group designated
as "fuel quality parameters" includes WSIM and !FT measurements taken at thiee different times: post-clay treat-
ment, pre-test, and post-test. The second group designated as "injection water qtia!ity parameters" includes injection
water surfmce tension, pH, and solids content measurements. i'he third group of results, designated as "element
physical parameters," includes element weight, element differential pressure measured in the pressure-check trough,
and differential pressure measured in the AMISS lu•p k. zero-minutes test tirre. The fourth group of results,
designated as "element performance parameters," includes elemer., weight gain, percent dirt lad at .0 psi and t 40
psi, iverage and maximum AEL free water rating of etfluent, average and maximum sc'iids corntent of effluent, and
average and maximum Totamitor readings on effluent fuel.

Statistical, graphical, and other analyses of the aforementioned parameters were performed as deemed neces-
sary in order to study various aspects of single-element filter-separator testing as follow-

"* Level aad variation in fuel quality parameters during tests and the extent of correlation between these
parameters and the element performance parameters

"* Effects of clay treatment of fuel on fuel quality and element performance pa ---eters

"* Effect of variations in injection water quality on element performance parameters

"o Variations in zlement physical parameters andI the effect of these variations on element performance
parameters

"* Effects of additives n- i,•l quality and element performance parameters

"* Relationships between element performance parameters

In addition, the last subdivision of this section deals with special tests and tests not sufficiently replicated to
be amenable to statistical analysis.

2. Test Groupings

In order to make it easier to use information from the test dO:', nresented in the Appendix of this report and
the Appendix of an earlier report( 5 ), several tables are presented which list tests carried out under certzin condi-
tions.

I'ABLE' ~T lSTS IN VOL VING Jl~4 1FUEl
In Table 9, tests conducted on JP-4 fuel are identified as I

to procedute and fuel condition, fresh or reised. Similar infor
ination for tests c:ondv'cted on JP-5 fuel is gpen in Table l U i'•;edur F ucl cn,.ti .. .

Tablcs i l and 12 identify testý run o J!.-4 A and JP-5 Freh _ L" v

respiectivclv. grouped according to additives but without
regard io FSII ,ontent. 'Table 13 identifie tests ,un at three ) 4•,4.5r-NA. , A 5d -5.61 H&
ihff'ecnt levels , ofFSiI content for both JP ,4 nd JP-L

othl 4 identities tsts is to both tJ -tit ul)rdtidi 'aaef mild type at %ohd% Iitdmda! T on
hoth ii1PA and .1p-ý 31c Included



TABLE 10. TESTS INVOLVING JP-5 FUEL

Fuel com ition
Procedure Fresh Reused

Fresh Reused clay-treated clay-treated

10 63,64,66, 65,67,68
69-83,91-100,
11I0.134,138,1C2,
143,148

11 84,85,86
12 88,90 89
:3-A 101,109.125.132, --- 220,247,248, 221-242,249-255.

133,136,137.140, 261,289,304 262-288,290-298,
141,144,146,147, 305-31
184-211,243-246

13-B 102
13-C 103 .....
13-D 104 ....-
13-E 105
13-F 106 .....
13-G Ill ....
13-H 112 ---...

13-1 114
13-J 115,126-131,135, ...

139,145.149-15 I,
154.155,157,159.
161 .162,170,172,176-
179,225-229

13-K 116 .....
13-L 117 ......
13-M !24 ---
13-N 152,153.136,15 , .

]60,163-165.171,
i73

13-0,s • o gl .174,17 5, ..

1.1-P ....... 1 15-322
13-0 ......... 3,.3,324

14 108
14-A 1II .119,121-123 ....
14-B 120

MI.-F-A8)IB inhibited
e•ul emit .40 gpin

M¢dJA I l , --- 259A
1D) RIO i S8B 25Ofi -
wi 9'tcz r1!11oval ...... 160A

RIO and %-iicl .. 0B
%Modified Iihihile¢d
he c•~t --- 314,328 325-327.

-... . 3 2 9
Inhihbted luel telt

- - -- ---
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TABLE 11. TESTS INVOLVING JP-4 PLUS ADDITIVES
WITHOUT REGARD TO FSII CONTENT

AMdItives Tet numbers

None 48-51,60
4 Ib/Mbbl Sat 52.53,62
16 lb/Mbbl Snt 54.55
4 lb/MbLi AFA 56,212,213
4 Ib/Mbbl AFA +I m2 kSA 214-216
I maJ/ ASA 217-219
5.5 ib/Mbbl Tol 57,58

Ib/Mlbbl laibr 59

TABLE 12. TESTS INVOLVING JP-5 PLUS ADDITIVES
WITHOUT REGARD TO FSII CONTENT

-orroiion inhibitor Other additive Test numbers

None None 63,80,81,87-90.129-131,258A-260B,
299-3030

None 0.60,0.80 mg/J ASA 61A,61B
None I.OO m/ ASA 217-219
Nrne 0.02 Jg/k PtL 186
None 0U5 rag/ PtL 187,188
None 0.20 mg/f PtL 185
None 1.00 g/J PtL 184
None 0.02 mf fPtCR 189
None 0.05 nwJQ PtCR 190
None 0.10 mgJe PtCR 191
None 0.20 mg/f PtCR 192
None 0.25 mg/ ICR 193.195
None 0.50 mQ PtCR 196
None 1.00 mg/ PtCR 194
None 1.00 nxaj NC-2 197
None 10.00 mg/t NC-2 !98
None :iG.% mfngj NC-2 IT)
None 050 mg/R NA-I 203
None 1.00 rug/R NA-I 1 201
None 5.00 mg/f NA-I 200
None 10 00 ngIR NA-I 200
4 lh/Mbbl Sot None 52,5362,f,5,1 S ),l.65
16 lb/Mb~bl Snt None 54.68,70-71.,3.86,9 -9'9,

I 256,27.2,I -7.21,31,318320,321,

4 IS/Mbbl AFA None 56,1S7,1 .0S 21

10 lb/Ibhl AFA None "217
16 Itb/Mibbi AFA Non, 00-10 .12-', 21 50-1' t,2 74

17.53-244,271 'ýX, 115,3 It

14o S IbMhiI I o; i Norte 24

'Jib/Mbbl |i o None I 1t , I t ",II7ib/MbbA i IP ZN.r: 11 72.

'O tb/Mbt[l Nni Sone 1 4jW 1 ,.
•------------



TABLE 13. TESTS INVOLVING JP-4 OR JP-5
AT DIFFERENT FSII CONCENTRATIONS

FSII FSII Test numbers
concentration, JP.4 JP-5

vol %

0 48,49 63,73,84-90,184-203,258A,

258B,259A,259B,328

0.10 -- 207-219

0.15 50-60,61 A, 64-72,74-83,91-183,
61 B,62 205,206,220-257,

261-298,304-327,329

TABLE 14. TEST GROUPING BY INJECTION WATER
TYPE AND SOLID CONTAMINANT

Contaminants Test numbers

No water, no solids 258A,259A
No water, red iron oxide (1-116) 258B,259B
Filtered tap water, coarse AC dust 48,96,99,101,102-104,106,108,109,

111-114,125,132,133,136,137,140-144,
146-148,184-203,205-224,230,257,
261-298,304-313

Filtered tap water, fine AC dust 115-123,126-131,135,139,145,149-165,
170-173,176-179,225-229

Filtered tap water, red iron oxide (1-116) 105
Filtered tap water, red iron oxide (R9998) 124,314,325-329
Filtered tap water, ground iron ore 315-322
Filtered thp water, magnetic blzck iron oxide 323,324
-iltered tap water, 50% coarse + 50% fine
AC dust 166-169,174,175,180-183

Type B synthetic water, coarse AC dust 49-56,58-60,61A,61 B,62-73,77,80,
84-86,91,100,110,134,138

Type B synthetic water, red iron oxide (1-116) 88-90
p11 5 (distilled water + NaCI + NaOH), coarse AC dust 74
ph 7 (distilled wzater + NaCI+ NaOH), coarse AC dust 75
pi1 10 (distilled water + NaCI + NaOH), coarse A.C dust 76
65% type B+ 35% FSIl, coarse AC dust 78,79,81
Distilled, coarse AC dust 95
pit 9.5 (type iii- NaOH), coarse AC dust 92
Type 13+ NaCI, coarse AC dust 82,83
Contaminated distilled water, from previous

test, coarse AC dut 93,94
pit 9.5 (distilled + NzHCO3 + NaOt),

coarse AC dust 97
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Table 15 groups tests acc•n•i$ to filtir-sewratcT element identification.

TABLE 15, TESTS INVOLVING I)IFFERENT
FILTER-SEPARATOR ELEMENTS

Element identification Test numbers

Filters Inc, lot 286 48-60,61A,61B,62 3
Filters Inc, lot 428 84-90
Filters Inc, lot 440 91-150
Filters Inc, lot 440A 151-199
Filters Inc, lot 465 200-257,258A,258B,

276, 278,282,287,290,296,
304,308

Fii:ers inc, lot 516 259A.259B.260A,260B,315-324

Hiters lnc, Govt. Std. 310-313

Fram, lot 14 CC-SI I B 261,264,265,268,273,280,281,
288,289,295,298,307

Bendix, part no. 04580004 262.266,267,269,274,279,284,
285,292,294,297.306

Bendix, part no. 04580004 314,325,326
ID 69 M2814 (special RIO)

Bowser, part no. Al 389B 263,270-272,275,277,283,286,291,
293,305,309

Bowser, part no. A1389B 327-329
(special RIC

3. Data ULed

The data used fall into five classifications: test ccnditioa, fuel q,..Iity parameter, wate.r quality parameter.
element physical parameter, and element performance parameter. TR. 53 d ta items used in the computer -`:'.
are listed and described in Table 16. These data were extracted from he Test Data Suiammry Sheets given in the
Appendix of this report anU in the Appendix of Reference (5), as well as from the data shetts of the various
anal) tical tests performed on sample fuel.

Most 'f these data items ire fully defined by the descriptions given in the table. Sonme a',dittiinal remark, ,are
needed to claffy the meaning and _ethod of determination of certain parameters trlated io the elemeits.

The two values for "elccnit ..1"' are detenurt,1 :iv the start of a given loop tst.t The value driteimincd in the
open trough represents the resistance of the eleineni itselt to flow o0 uninhirbited JP S tuel ai 20 Vpm. 'ihe vahtic
determined at "0 min" represelts the resista•jce of the entire test unit including housing, element, ,vd ca.ir.tei
neasured uajder actual test conditions. Strictly mnreaking. this latter vilue (0 min is nct the r".. ,n dier cii ia.iesture
although the element surely contribistes most of the resistai•uce k% disused in Section Vill I, *f thri rc;-Art the i'aurl
contribution of the element cannot be determined troin inoeaurementt on the houong Tium, the two vaue,.
Obtainid (in the trougb ý,, in the loop) must he regarded as two ,par.te owa-mes 01 cletnent tioW rcistAnse



rARLE 16. LISTING oF 'IEST DATA USED IN COMPUTER ANALYSES

Datum Description

Test conditions

Test no.
Fuel JP-4: frech or reused

JP-5: fresh, 'eused, fresh clay-treated, Or

reused clpy-treated.
Fuel batch no. Batches 14-25
Procedure Thirty procedures as described in Sec.ion IV
Corrosion inhibitor Seven inhibitors plus ininhibited
Corrosion inhibitor concentration Concenti~tion in lb/Mbbl
Other additive Includes anti-static additive and surfactants
Other additive concentration Concentration iai mg/9
Blen('ed FSII concentrat'i'n 0,0. 1,. or 0. 15 vol %
Element manufacturer Fiters Itic. Frain, Bendix, or Bowser
Element lot or identification Identification of 13 different lots
type of injection Water Identificatiorn of 13 diflf~.rent waters
Type of solids Identification of 7 different solids
Gallions of water injected A mcasure '4 fuel washing based on the water

injecti"on rate, in gprn X the time
- ______________ [ during which water was injected.

l-uet qualirrv parolneter.ý

Po~t-clay WSIM Measurement taken on sample fuel drawn
immvdiately after clay treatment.

Pr%;-t,-st WSIM Measurement ,-ken onl sample fuel diawn
immediately before test_

Post-tc~t WSIM Measurement tak.-n on sample fuel drawn
4'mmediately after test.

Post dlay IFTI Niasurement taken on sampie fuel dr-awn
immediately after clay t ceatment.

Pre-ust IFT 1vi."s;renient taken on sample fuel drawn
imr.: Aiately hefc,ie test

Post-test lET Measurement taken or, sample fan I drawn
immediately aft-r ,est.

Post-clay 1-511 Measurement taken on sample fuel d.-awn
immediately after c~ay trcatnitnt.

Pre-lest FSII Measurement taken on sample fuel drawn
immediztely bufore test.

Post-tiest FSII Measurement taken on sz.,ile fuel draw-i
immiediately aftcr test

Post-clay WSWM disk stain co!or Color of stain on tine media disk rated

as none, light, medium or dark.
Pre-test WSWA disk stain coloi Colo; of stain on line mnedia disk rated

as none, light, medium or dark.I
ost-test WSIM disk stain color "-olor of stain on fine r i~zdia disk rated

as none. light. miediuni or dairk.
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TABLE 16. LISTING OF TEST DATA USED IN COMPUTER ANALYSES (Cont'")

Datum Description

Post-clay WSIM disk stain size Diameter of stain on fine media disk,
16th in.

Pre-test WSIM disk stain size Diameter of stain on fine media disk,
16th in.

Post-test WSIM disk stain size Diameter of stain on fine media disk,
16th in.

Water quality parameters

pH of injection water Measurement taken on sample of injection
water used in test.

Surface tension of injection water Measurement taken on sample of injection
water used in test

Solids in injection water Measurement taken on sample of injection
water used in test.

Element physical parameters

Element weight (initial) Pie-test weight, g
Element AP in troughI Differential press-,re in trough, psi
Element AP at 0 min Differential pressure at start of test,[psi
Element performance parameters

Element weight gain (Post-test dried weight)-(pre-test
weight), g

% dirt load at 20 psi Based on calculated amount of injected
solids and elewent rated capacity of 2aCg.

% dirt Ibaa at 40 psi Based on calculated amount of injected
solids and element rated capacity of 200g.

Average AEL* Average of al measurements after start of
water injection, mg/c, up to 40 psi.

Maximum AFL* rating Maximum of all measurements after start of
water injection, mg/R, up to 40 psi,

AEL* rating of sample A Value obtained at following times:
Procedure 10: Q5 min: Procedure 8901B,
modified inhibitor fuel test: 65 min;
all other procedures: 5 rmin.

AEL* rating of sample 1, Value Whtained at following tinies:
Procedure 8001 B, modified inhibitor
fuel test. 80 rniný all other piocedures:
20 psi.

AEL* rat.ng of sample C Value obtained at following times:
Procedure 8901B, modified inhibitor fuel
test: 90 mrinm all othe, procedures:
40 psi.
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TABLE 16. LISTING OF TEST DATA USED IN COMPUTER ANALYSES (Cont'd)

Datum Description

Average solids content Average of all measurements after start of
solids injection, mg/2, up to 40 psi.

Maximum solids content Maximum of all measurements after start of
solids injection, mg/k, up to 40 psi.

Solids in sample A Value obtained when drawing corresponding
AEL sample.

Solids in sample B ;VJue obtained when drawing corresponding
AEL sample.

Solids in sample C Value obtained when drawing corresponding
AEL sami-'a.

Average Totamitor rating Average of all measurements taken after
element had been (exposed to water or
solids.

Maximum Totamitor rating Maximum of all measurements after start ol
either water or solids injection, up to
40 psi.

Totamitor at sample A Value obtained when drawing corresponding
AEL sample.

Totamitor at sample B Value obtained when drawing corresponding
AEL sample.

Totamitor at sample C Value obtained when drawing corresponding
AEL sample.

*AEL ratings determined on 500-mi sample,. Ratings have not been corrected for sample volume.

The "element weight gain" represcnts the ;,mount of solids retained during the entire test. If retention is
efficient, and if the dirt feeder is operating properly, the weight gain corresponds closely to the "calculated" dirt
injection. The calcu!ated values, based on dirt feeder calibration, are used to obtain the "dirt loads at 20 and 40 psi,"
expressed as percentages of the nominal dirt capacity of 200 g. The measured "weight gain" refers to the entire test,
not to any given pressure differential, and hence does not necessarily correspond to a calculated value for 20 or 40
psi even if retention is total and the dirt feeder calibration is perfect.

The samples designated A. B, and C (Table 16) are efflu.nt fuel samples chosen arbitrarily to give the
maximum number of comparable data point, for each procedure.

4. Statistics and Computor Program

All computer programming was performed by personnel of the Directorate of Computation Services, Aero-
nautical Systems Division, Wright.-Patterson Air Force Base, Ohio. Computations were made on that organization's
IBM 70140/7094 directcoupled system. Fortran IV larguage was used.

"I hree types of statistical information were derived from the zomputer program. Minimum, maximum, mean,
and standard deviation of the various parameters were extracted or computed for test groupings according to
different combinations of test conditions. A special program was written for storing and retrieving data and the
computer output was obtained by means of the TALLY subroutine (slightly altered).

'The second type of computer output consisted of paraineter means and standard deviations for tests grouped
iccording to various combinations of test conditions and lu, the calculated value of Student's t for pairs of test
groupings. These calculations were performed by means of the TTEST subroutine. A- example of this output is as
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follows: mean and standard deviation of element weights for each element lot are calculated and then Student's t is
calculated for different pairs of element lots. Student's t can be used to assign levels of significance -o the difference
of means of two groups of data. This last operation was performed manually using putlished significance tables(8).

The third type of computer output consisted of regression coefficients and equations and correlation coeffi.
cients for pairs of parameters from tests grouped according to various combinations of test conditions. A typical
example of this type of output is the regression and correlation coefficients for element weight versus element
differential pressure for groups of tests having the same element lot and fuel. The regression and correlation
calculations were performed by means of the MISR subroutine (slightly altered). Additional output from this
subroutine includes means, standard deviations, skewness, k-irtoris, and standard errors of regression coefficients.

In addition to the foregoing computer programs, a program was written to compute the t statistic used in
determining the significance of the difference between two regression coefficients. The equations used in the
computer calculations are given below.

Standard deviation(SD)

K X )2

SD 

X

n-I

where

X = individual parameter value

X = mean of all parameter values

n = number of parameter values

Student's t for difference of means

X 1 -

(SD') 2  (SD2)'
+

n l I12

where X, and X2 are means of parameters for data groups I and 2, SDI and SD2 are standard deviations of
parameters for data groups I and 2, and n , and i2 are number of parameter values in data groupF I and 2.

Regression coefficient (b)

S( - X)(Y -- Y)Jb =
S(X-

where X and Y are individual parameter value,,.

The regression coefficient appears in the equation for the regression line as follows:

Y= bX+a

where a is the Y-intercept of the line (a is provided in the computer output).

The above two equations refer to the line of regression of Y on X, i.e., the best least-squaies tit to minimize
deviations from the line in the Y-direction. In accordance with customary usage, X is the independent and Y
the dependent variable.
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Correlation coefficient (r)

A (X-X)

Correlation coefficients provide a measure of the scatter of data about the regression line. Correlation coeffi-
cients may range from --I to +1 and will have the same sign w. the regression coefficient. A value of zero denotes no
correlation and a value of unity denotes perfect correlation (all poin'ts on the line). The significance of intermediate
values depends upon the number of degrees af freedom (n - 2.).

Statistical significance is stated in terms of the probability (percent) that a greater correlation coefficient
would be obtained by chance in infinite samplings of the same populatian. Levels of significance of correlation
coefficients reported herein were obtained from Reference (8;).

Student's t for difference between r0'ression coefficients

The level of significance of differences in regression coefficients was assigned by first calculating the t statistic
ind then determining the le'vel o3f signpificance from a t',ble relating t values to probability of chance occurrence of

gi eater differences(8). The equation(9) for calculating t is gOven below:

Sb, - b 2

(n +X~ b~E (n2 - X b2 bS2 I + IlS~

III + r,2 -4 1(ni l)VS . 01 1) S2

wher. bl, b2 are re3ression coefficients, nt I, na are number of data in each set: and S,, 1, S,2, are standard
deviations.

The significance level of various statistics is stated as thac percent probability (P) that a greater difference in
means, a greater correlation coefficient, or a greater differen~ce in regression coefficients could have occurred by
chance. For example, if a correlation coefficient is significant at the 5% level, a larger correlation coefficient would
occur by chance 5% of the time in in infinite number of samplings on the same population. It should be emphasized
that smzllet probabilities indicate greater significance. For example, customary designations of significance levels are
as f'ollows:

Significant: Probability less than 5%
Highly significant- Probahiiity less than 1%
Very highly significant: Probability less than 0.1%

5. Fuel Quality Parameters

a Typical Levels of Fuel Quality Parameters

'I %o fuel quality parameters (WSIM and IFT) were mieasured in most 01 the AI/SS loop tests. Geerically,
each parImleter was nieasured oin samples taken it the following times. post-clay treatment, pre-test (atfter blending
with adrditives I. and post-test.

Mecan pre-test WSIM values for t'our diff -erent JP- blends are ipven in Tabk. 17. The riurmher of mecasure-
ivv is Oirft, of le!n; In every case and neither tire accuracy nor precision can be consitiered as very reliable.

Fhe unifOrinity of WS!M levels for clay treated JP-5 is shown by the r';ults on three fuel hatches given
i'I Table 1 X. Fuel batch,!s 2.3 arid 24 had mean pUst-Cl-ay WSIM ValueS which were very close, 96.5 and 96.4,
respectively. rite meani post-ciay WSIM value for batch 25 (99.4) was signifIcantly different (I, < % than
those obtained for either hatches 23 or A
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Table 19 contains mean pre-test WSIM data for a TABLE 17. PRE-TEST WSIM DATA FOR
variety of JP-5 fuel blends including both clay-treated ind JP-4 FUEL BLENDS
untreated fuel. Also, mean post-test WSIM data are given for
all of the clay-treated fuel blends except for uninhibited JP-5. Pr-test WSIM

SFuel blend No. of Men S

As part of the later WSIM tests on JP-5 the size Fuel bl__Mom S

(diameter) and color of the stain on the WSIM disks was
recorded. Mean size and color ratings for clay-treated JP-5 of J4 2 10.0 0JP-4 + 0.15% FSII 3 93.7 9.29
three different batches are given in Table 20. jP-4 + 1.0 mg/9 ASA + 0.10% FSiI 3 91.0 5.57

JP-4 + 4 Ib/Mbbl AFA + 1.0 mg/9

None of the fuel batches exhibited either mean ASA + 0.10% FSII 3 72.0 6,73

WSIM stain size or stain color that was significantly different
from either of the other two batches.

WSIM disk stain size and color rating data fot pre- TABLE 18. POST-CLAY TREATMENT WSIM
test and post-test measurements on a variety of JP-5 fuel DATA FOR JP-5 FUEL BATCHES
blends are given in Table 21. Considering first the results from
tests involving JP-5 which had not been clay-treated, there is
considerable variation in both the mean stain size and color Post-clay WSIM
rating for the various fuel blends. The limited number of Fuel No. of Mean SD

replicate tests precludes any attempt to det,.L significant dif- batch tests$

ferences in the WSIM-disk staining characteristics of the fuel 23 33 96.5 2.31
blends. 24 49 964 2.47

25 16 98.4 1.86

Results from tests on clay-treated JP-5 are given in *Includs only tests in which post-cliy treatment WSIl nmemauw
the lower half of Table 21. The level of both stain 2 and mnt,,aetam.

TABLE 19. PRE-TEST AND POST-TEST WSIM DATA
FOR JP-5 FUEL BLENDS

C conr FSP, etest WSI Polest WSIM
inhib oIbMbbl of% Meaen D Procedure No. of Mean SD

Ml___ tj _____ Measurement

Unhtrezed JP-5
none - 0.00 835 I2.0 --- ... ...
none 0).15 6 87 O0 6.0 ... ... I
Snt 4 0.15 4 71,2 7.9
Snt I () 000 3 71,7 13.0
SnI 16 0.15 J4 71 1 , 7 .
AFA 4 0,10 5 42.2 4,..
AFA 4 O15 4 62 2 45
AFA lo 0.15 21 609 I0 ....

Tol 20 0.15 4 00 1 8 ....
lubr 20 015 1 42.1 1 ,

RP 20 015 IX _' A ' .
IDs' 4 .0.45 4 11 00.4 . .

I 0 041 '1
(10' trmltk r JP L

Sgtt lf I 2It I I I A l7 I

*int 16 0) 1 . .P .4 (1 1

AFA 10 0V 4 1~ .4 4 94
"AFA 1t 015• 1 A 715 .S Il-A 1I

l 2) 0.1 Is t'.1 ht ' l1 A t M

.0 0.1 645 I t 49 ItI

i011 20 015 1147 I .'-A 1 ,I

Wod od! A toahilif~t~l• fuel to-_
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TABLE 20. WSIM DISK STAIN SIZE AND stain color for tests on clay-treated
COLOR FOR CLAY-TREATED JP-5 JP-5 are much less than corre-

sponding values for tests on un-
treated JP-5. These results con-

WSIM disk stain diameter, WSIM disk stain clusively demonstrate that clay
JP-5 batch no. 16th in. color* treating removes some stain-pro-

No. of tests Mean SD No. of tests Mean SD ducing constituents from the fuel.
Wear debris from the separometer

23 33 3.2 2.7 33 0.9 0.8 pump is another source of staining.
24 47 3.6 2.5 47 1.1 0.8 The amount of staining caused by
25 15 2.7 2.8 15 0.7 0.8 wear debris will tend to decrease

with increased lubricity of the fuel.
*Color rating %cale: 0 = none; I = light: 2 = medium; 3 = dark. The lesser staining propensity of

_ the clay-treated fuel implies that
lack of lubricity is not the sole

factor contributing to staining, for if it were, clay-treated fuel would produce as much stain as untreated fuel.
However, in some cases, lack of lubricity may be a significant factor in stain production. For example, both
stain size and color are significantly less for fuel blends containing Lubrizol 541 than for fuel blends
containing either Santolene C or AFA-1. These differences may be attributable to differences in either
lubricity or concentration of stain-producing constituents as effected by the different corrosion inhibitors.

TABLE 21. WSIM DISK STAIN DATA FOR JP-5 FUEL BLENDS

Pre-sWMPost-test WSIM disk stain,
JP-5 fuel blend No. -test WSIM disk stain,No.

Corr Concn, FSII, of Diameter, Color of Procedure Diameter, Color

inhib Cb/Mbbo % tests 16th in. rating* tests 16th in. rating*
M ean SD an SD Mean SD Mean SD

Untreated JP-5
Snt 4 0.15 3 6.7 1.1 1.7 0.6 --- ---
Snt 16 0.15 7 6.4 1.6 2.1 0.4 ... .--- ... ..- ...
AFA 4 0.10 5 5.8 0.4 1.2 0.4 --- ..... ..

AFA 4 0.15 3 6.0 0.0 2.0 0 ...- ... ... .. . ...

AFA 16 0.15 6 4.7 2.1 1.7 1.0 --- --- ---.. .. .. .

RP 20 0.15 6 3.3 1.2 1.0 0 --- .... ... ... ...
Uni 9 0.15 4 7.2 1.0 1.0 0 --- ..... ... ...

Uni 20 0.15 4 3.8 3.3 0.8 0.5 --- ... .. .. .

Clay-Ireated JP-5
Snt 16 0.15 28 1.9 2.5 0.6 0.9 16 13A 3.1 2.4 0.8 0.7

5 13J 0 0 0 0
AFA 10 0.15 4 1.0 2.0 0.2 0.5 4 8901B: 0 0 ... ...
AFA 16 0.15 23 2.1 2.0 0.6 0.5 21 13A 0.6 1.4 0.2 0.4
Lubr 20 0.15 25 0.4 1.3 0.1 - 0.3 21 13A 0.6 1.3 0.2 0.5
RP, 20 0.15 9 1.2, 1.4 0.8 1.0 8 13A 0.5 0.9 0.2 0.5
Uni 20 0.15 3 1.3 2.3 0.3 0.6 3 13A 0 0 , 0 0

*Rating scale: 0 = none, i - light, - mediun', 3 - dark.
ý%Modificd 890111 Inhibited fuel test.
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Results in Table 21 also suggest that, during the course of a given filter-separator test: the stain-
producing tendency of the fuel was decreased, as evidenced by generall.,; lower color ratings and stain sizes for
post-test WSIM disks than for pre-test WSIM disks. This reduction in stainii:g could very well be attributed to the
removal of stain-producing constituents either by
entrainment in the coalesced water or by retention TABLE 22. POST-CLAY TREATMENT IFT DATA
in the filter-separator element. FOR JP-5 FUEL BATCHES

Post-clay treatment IFT data for JP-5 Post-clay treatment IFT
fuel of three different batches are given in Table Fuel No. of Mean SD
22. Batch 23 had a mean IFT value which is sig- batch tests*
nificantly less than that of either batch 24 or 25.
A greatet difference in means would occur by 23 33 42.2 2.09
chance in less than 1% of an infinite number of.. 24 49 44.2 3.46
samplings. 25 15 44.7 2.66

In Table 23, pre-test IFT data for Ji 4
fuel blends, JP-5 fuel blends, and clay-treated JP-5 *Includes only tests in which measurements were taken.

fuel blends are given along with post-test IFT data

TABLE 23. PRE-TEST AND POST-TEST IFT DATA FOR JP-4 AND JP-5 7UEL BLENDS

Fuel blend* I Pre-test IFT, dyn/cm Post-test IFT, dyn/cm
Corr Concn, FSII, No. of Mean SD-Procedure No. o1 Mean SD
inhib lb/Mbbl voll% tests j _ tests

Untreated
nonet --- 0.10 3 42.7 0.6 ..-.
Snt* 4 0.15 3 35.7 2.5 ..... .. ..

AFAt 4 0.10 3 26.3 1.5 ...

none --- 0.15 6 43.8 1.5 ..... .

Snt 4 3.15 4 38.8 2.6... .. .
Snt 16 0.00 4 36.5 1.3 11 3 40.0 1.0
Snt 16 0.15 34 34.9 2.7 --- ...

AFA 4 0.10 5 33.6 1.1 .....
AFA 4 0.15 4 33.2 1.0 .. ... .
AFA 16 0.15 21 23.3 1.2 ... .. .
Tol 20 0.15 4 25.2 1.0 ...... ...

Lubr 20 0.15 3 26.3 0.6 ...

RP 20 0.15 18 27.1 0.7 .. . .
EDS 14.5 0.15 4 13.5 1.7 ... ... ...

Uni 9 0.15 5 32.0 4.8 ... ...

Uni 20 0.15 7 23.7 5.6 ... .. .

Cay-treated
Snt 16 0.15 29 36.1 2.2 13A 17 38.4 2.3

13J 5 35.4 1.3
13P 3 34.7 1.5

AFA 10 0.15 4 24.8 0.5 8901B** 4 25.8 0.5
AFA 16 0.15 23 22.4 0.9 13A 21 22.7 0.9
Lubr 20 0.15 25 25.6 1.6 13A 23 26.3 1.7
RP 20 0.15 9 26.8 1.2 13A 8 26.8 1.7
Uni 20 0.15 3 23.7 3.1 ...
*JP-5 unless otherwise indicabd. **Modified 8901B inhibited fuel test.
tJP-4 fuel blend, also included 1.0 mg/IASA.
tJP-4 fuel blend.
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for several JP.5 blends. The results indicate that there is ni significant difference between IFT levels for fuel-corro.
sion inhibitor blends made with clay-treated or untreated JP-5, As would be expectzd, IFT decreased with increased
corrosion inhibhtor concentration for all the corrosion inhibitors which were used.

Both pre-test and post test IFT measurements were made on only six fuel blends. In the case (,f one fuel
blend, clay-treated JP-5 + 16 lb/Mbbl Santolene C + 0.15% FSII, post-test IFT measurement. include those from
tests run according to three different procedures, thus making eight groups of post-test IFT measurements. In six of
the eight groups, the mean post-test IFT is greater than the mean pre-test IFT. This suggests, but not conciusively,
that the coalesced water removes some fuel constituents to effect an increase in IFT.

b. Variation in Fuel Quality Parameters with Water Washing

Almost all of the test procedures used in this work included injecting water into the fuel at one time or
another during the test. Virtually all of this water is removed by the test filter-separator element which is con-
sequently well permeated with water. Thus, the fuel passing through the element comes into contact with large
surface areas of water, in addition to the extensive water-fuel contact occasioned by the mixir. screen and the
turbulent flow in the line up to the test filter-separator housing. The removal of water-soluble fuel constituents by
the coalesced water could very possibly affect fuel composition or fuel quality parameters a.s follows: FSII concen-
tration. post-test IFT, and post-test WSIM ind related measurements, WSIM stain color, and size.

There appears to be a negative correlation between FSII concentration and the amount of water to
which the fuel has been exposed during a test. Regression and correlation calculations were performed using fuel
washing (total amount of injected water) as the independent variable and FSII content as the dependent variable.
Results of these calculations are shown in Table 24. The greater solubility of FSII in water than in fuel would be
expected to result in the removal of FSII along with the coalesced water. In five out of seven groups of tests, there
was a significant negative correlation between post-test FSII concentration and water washing. The two cases of
positive correlation are not significant. The overall degree of negative correlation is probably as good as can be
expected, since the theoretical equation for FSII extraction in a closed-loop system is logarithmic rather than linear

TABLE 24. EFFECT OF WATER WASHING ON POST-TEST
FSII CONCENTRATION

(Fuel: J.-5)

Adiie No, of Regression eqtuation* cofien

SAdditivesValue Signif
level, 17

Untreated
16 lb/Mbbl Snt + 0. 15% FSII 23 Y = 0.0005X + 0.0 1 _0.19 >10
20 1b/Mbbl Lubr + 0.15% FS[ 5 Y =-0.44X + 0.11 -0.99 <0.1

Clay-t reated _7_,__

161b/MbblSnt+0.15%FSII 27 Y=-0.002X+0.09 -0.83 <0.I
10 1b/Mbbl AFA +0.15% FSII 4 Y = -0.001X+ 0.05 -1.00 <0.1
16 1b/MbbI AFA+0.15%FSII 23 Y=-0.010X+0.13 -0.68 <0.1
201b/Mhbb Lub-+0.15%FSII 25 Y=-0.01OX+0.14 -0.54 1.0
20 Ih/Mbbl RP + 0.15% FSII 9 Y = 0.002X + 0.08 0.03 >10

"Y = FSII concentration- X x Fuel washing.
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and includes the water injection ratio as well as the total amount of water injected. For this 600-gal system,
assuming 100% extraction efficiency, a coefficient of 200 for distribution of FSII between water and fuel phases,
and uniform FSII concentration in the supply tank, the equation is

-W
log C/C 0 =

6.9 (1 + 200 R)

where

C =final concentration of FSII

Cc = initial concentration of FSII

W = total water injected, gal

R = injection ratio (water/fuel rate rmt.o)

The validity of this theoretical equation has been confirmed for specific cases, but no statistical tests
have been made.

There appeais to be slight correlation between post-test IFT and water washing. Although five out of
seven correlations are positive (see Table 25), only two arc statistically s-Snificant.

Post-test WSIM appears to increase with increased water washing, as evidenced by five positive cor-
relation coefficients (four of which are statistically significant) out of seven, as shown in Table 26.

There appears to be no significant correlation between either WSIM stain color and size and water
washing, see Tables 27 and 28.

TABLE 25. EFFECT OF WATER WASHING ON POST-TEST IFT

(Fuel. JP-5)

Correlation
No. of coefficient

Additives Regression equation* Signif
testsValue

____ _ _ ___ ____ __ ___ I. ___ ___ ____ _ _ ___ level, %

Untreated
Pt L 5 Y = 0.20X + 39.8 0.15 >10
PtCr 8 Y = --0.75X + 46.6 -0.44 >10
NA-I 4 Y = -0.26X+ 53.9 -0.79 >10

C" y-treated
16 lb/mbbl Snt + 0.15% FSII 29 Y = 0.12X+ 37.1 0.41 2-5
10 lb/Mbbl AFA + 0;15% FSII 4 Y = 0.06X + 24.5 0.56 >10
16 lb/Mbbl AFA + 0.15% FSII 23 Y = 0.49X + 21.0 0.45 2-5
20 lb/Mbbl Lubr + 0.15% FSII 25 Y = 0.63X -+ 25.8 0.25 >10

*Y - Post-test IFT: X - Water washing.

41



TABLE 26. EFFECT OF WATER WASHING ON POST-TEST WSIM

(Fuel: JP.S)

AdtvsNo. of Repefsl~in eqtO

Unte nareated

Pt L 51 Y V IOX 4.5 0 .0. 2-5
PI CR ?I Y V 0..38X + 17.5 0.80 I-2
NA-I 4 YV 0.5OX + 64.1 0.67 J>10
C'lat-treale'd

Ih Ibtlbbl Snt + 0.1 5,X FSII 1'.4 Y = O4.x 7".,) 0.40 2.5
IO Ib]Mbbl AFA 0.1S% FSII 4 Y - 0.1Xx + 45.0 0.98 0.1,1
1I Ib/Nibbl AFA + 0.15% FSII 23 Y = - 0.46X + 87.1 -0.40 5-10

20 Ib!NMbbl Lubr + 0.15% FSII 25 Y - -0.64X + 7O4 -0.40 5

Y -Po,,t.trt WSI.M, X - Water waihin&

TABLE 27. EFFECT OF WATER WASHING ON
POST-TEST WSIM STAIN COLOR

(Fuel: JP.5)

Correlation
No. o1 coefficient

Additives egression equation* Signif
tests__ _ _ _ _ Value Igvei. %

I 'trealed
Pt CR 8 Y - 0.03X + 0.,6 f >1i0
NA.I 4 Y -0.IOX+.021 > 0

C(a1v-troat__d
Ib Ib/Mbbi Sn+ 0.1Y• FSII 2 0 V O.I'SX + 0.47 0.22 >10

-16 th/Mbbi AFA + 0.15%FSII 23 Y -0.07X - 0.61 0.18 >10
201b/Nlbbl Lubr +0.15%FSII 25 Y - --0.17X + 0.38 -0.22 >10
20N)bMbbl RP 11 O.15% FSII q Y-= -0.59X + 0.22[ -0.33 j >10

*I " PosIt-It WSIM .tln color. X - Water wazhinv.

TABLE 28. EFFECT OF WATER WASHING ON POST-TEST

WSIM STAIN SIZE

(Fuel: JP-5)

- Correlation

Additivs No. of Regression cquation" coefficient
tests Value Smgnlf

I I level. %

IIICR A - O'S IX + "00 1 W.S >1
NA-I 4 1Y - 0.67X + 4.05 01 2.5

I, Ihjlbhl Sot + 0,15% FSII 2') - 0.12X + 1.511 0.45 1.-
11, Ib/Ibbh AFA 0 0.1'%, FSII 23 Y - 0.24X -0.20 0.16 >10
20Ih/Mbhl Lhr t 0.15% FSII 25 Y V -0.45X + 0,03 -0.23 >10
20 Ib/Mbhl RI- 0.1 ,% FSII , V = 0.002X + 0.08 0.33 >10

"*Y P- t rs-to W tM stjn %i., X - Water wa.shing,
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C. Correlation Between Fuel Quality Parameters and Element Performance Parameters

Knowledge of the correlation between fuel quality parameters, WSIM and IFT, and the various param-
eters of elemenit performance would prove very useful for predicting performance of filter-separator elements both
in testing and in field applications. Relations between
the fue; quality and element performance parameters TABLE 29. FUEL BLENDS AND ELEMENTS USED
were sought by means of regression and correlation IN CALCULATING CORRELATIO)NS BE-
calculations on groups of tests on JP-5 fuel; each TWEEN WSIM AND ELFWUNT PER-
group ionsisted of tests having the same corrosion FORMANCE PARAMETERS
inhibitor corrosion inhibitor concentration, and FSII (ul-J-)
concentnition, and were run on the same lot of(Fe:J-)
elements; see Table 29. _____________________

Corti Corcirn FSI1, Eent NO. o'
The .-.sults of these calculations are inb I bIMbbi 7I Emmt Turn

father surprising. Correlation was generally poor, and,
where sl.'ght correlation was suggested, thr -.orrelation Untreuted____

wa nnaly all cases of opv~ite sign to what would Sti6t.t F ~
be logically expected. The overall implication of these AFA 4 0.10 Fl 465 5

cacltosis sumrzdi Table 30. The extent of R20 [0.15 F464

corltinws sine nthe following basis: slight ______-

poiiecreainweeIIor more of the 19 cor- Snt 16 0.15 1465
relation coefficients were positive, slight negative cot- sn 1 0.5 F4

relation where I11 or more of the correlation coeffi- In 6 01 BW 14
cients were negative, and no correlation in cases AFA 16 0.15 Fl 465 9

where less th~an I I correlation coefficients had the AFA 16 0.35 Fr 4
same sign. AFA 16 0.15 aw 4

Libr 20 0.15 Fl 465 7
The implied correlations betweeii pre-test iLubr 20 0.A5 FI GS 4

WSIM and the nine performance parameters in Taole '-bi 20 0.15 Fr 4
Lubr 20 0.15 Rn 4

30 is in every case opposite to what would be LPr 20 0.15 BW 4
expected. For example, if the WSIM is an indicator of 20 0.15 Fl 465 1
fuel performance in filter'-separators, the percent dirt {16 0.1ý FI465

load at 20 and at 40 psi would be expected to *e coln oPwd, 3A nuohwt oe

increase with increasing pre-test WSIM, and the [tPtmv~durt 10.

remaining performance parameters should decrease L
with LncreasinC WSIM. However, all implied correla-
tions were of the opposite sign. Much the same situa-
tion exists for correlations between pre-test IFT and TABLE 30. -ORR.ELATIGNS BETWEEN, PRE-TýiSI
performance paramettrs for ,hcse groups of tests, WSIM AND) IFT AND) ELEMIENT PER-
except that in five cases no cc-rrelation was indicated. F -'RM kN( E PA RAM ETERS

Th.e slight extent of cofrelation indicattel
by the foregoing calculatioins is best illustrated by thý -,!M.t~
calculated results shown in Table 31 for thc co11bnithiajý~

tioin ot pte-test WSIM vs avtrage Totanutor. which "' M F

exhibited the best overall ~orrelation, lIn nvmt st scwia, pt

the correaince4cnicr o i1icn .ni~ ~ 4 9h O leve[ T'he few .-sws in why.'11 high levels it! I Dirt-------i- r

%ijitiii wine indi~ctted 'na, bi fttilluqc 4wp Aft awi

te IN11Po.sitive and nelativt %tdntiltcli'~liti Mviptii.n
can co taitis.alothere aire-aw~s wherebit xv

five AM:I uepaitive iýjT ont~jn s.'re nhtajried ho if 0 ý,ý

%same mufl h-lends such 4.1 casy -treatr' lu. 1ctir.A 1-.- -. 3- -.

16l..bh S'anti-lne testtd *Itth V~fefent -',nrseit ''"- -- ' -- ' ---
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TABLE 31. PRE-TEST WSIM VS AVERAGE TOTAMITOR READING

(Fuel: JP-5)*

Corr Concn, FSII, Element No. of Correlation Coefficient
inhib lb/Mbbl vol % Identification tests I Value Signif level, %

Untreated

Sntt 16 0.15 FI 286 15 0.06 >10
Sntt 16 0.15 F1 440 9 ......
AFA 4 0.10 FI 465 5 0.96 1
RP 20 0.15 FI 465 4 0.90 10

ayitreated
Snt 16 0.15 FI 465 5 0.71 >10
Snt 16 0.15 Fr 4 --0.39 >10
Snt 16 0.15 Bn 4
Snt 16 0.15 dw 4 0.82 >10
AFA 16 0.15 FI 465 9 0.25 >10
AFA 16 0.15 Fr 4 0.85 >10
AFA 16 0.15 Bn 4 ...
AFA 16 0.15 Bw 4 0.28 >10
Lubr 20 0.15 FI 465 7 -0.85 1-2
Lubr 20 0.15 FI GS 4 0.57 >10
Lubr 20 0.15 Fr 4 0.52 >10
Lubr 20 0.15 Bn 4 0.63 >10
Lubr 20 0.15 Bw 4 0.18 >10
RP 20 0.15 FI 465 9 -0.17 >10
Sntt 16 0.15 F! 465 5 0.00 >10

*Tested according to Procedure 13-A unless otherwise noted.
t Procedre 10.

lProcedure 13-i

These disappointing results confirm earlier, qualitative observations that fuel WSIM or IFT cannot be used
for reliable predictions of the fuel'.; performance in filter separators. This conclusion is subject to certain limitations in
the statistical analysis; including (1) limited range of values of one or both parameters in many cases, (2) limited
amount of data, and (3) scatter induced by variations in test conditions and materials. Nevertheless, the results of
the analysis indicate rather strongly that further attempts at such correlations are unlikely to succeed and instead
efforts should be directed toward development of entirely different test methods for correlative purposes.

Correlation for some of the same combinations of parameters was next sought using tests grouped only
with respect to fuel (JP-4 or JP-5) and test procedure. Correlation of WSIM with four element performance
parameters is shown in Table 32; now, the implied correlations are in nearly all cases of the same sign as would be
expected. Correlation coefficients are gerierally not statistically significant. The plots of the regression lines in those
cases where correlation is significant show general trenws but should not be considered as highly quantitative. Using
the same groups of tests, correlation between IFT and the same four element performance parameters was better
than obtained in the more restrictive tcst groupings (see Table 33).

Plots of regression lines for five different t'uel-piocedure combinations are shown in Figure 4. In all cases,
percent dirt load at 40 psi increased with pre.test WSIM. Because of the wide variety of additives and filter-separator
element lots used in these te~4s, it would not be advisable to use these plots for quantitative prediction purposes.

An interesting se! ot plots is obtained when the regression lines for averagr solids content vs pre-
itst WSIM are plottId (see Figtie 5). Regression lines are shown for tests run by different procedures on JPA# and
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TABLE 32. CORRELATION BETWEEN PRE-TEST WSIM AND
ELEMENT PERFORMANCE PARAMETERS

Correlation coefficient between pie-test WSIM and indicated parameter
% dirt at Avg AEL rating, Avg solids Avg

Fuel Procedure tests 40 psi mg/Q content, mg/V Totamitor

tss Value Sigjgn if Value S Value17- Snf- 1 ignif
level, % _ level,% Value [level,_% Value level,%

Un treted
iP-4 I0 16 0.80 <0.1 0.23 >10 O .01 >10 -0.10 >10
JP-4 13-A 8 0.69 5-10 -0.75 2-5 0.67 5-10 -0.17 >10
JP-3 6 ... . --0.91 1-2 0.32 >10 .0.75 5-10
JP-5 10 37 -0.03 >10 .0.69 <0.1 -0.36 2-5 -0.65 <0.I
JP-5 13-N 10 0.20 >10 0.15 > 10 0.36 >10 0.20 >10
JP-5 13-0 10 0.23 >10 0.04 >10 -0.42 >10 0.24 >10
JP-5 14-A 5 0.32 >10 0.04 >10 0.67 >10 0.76 >10

Clay-treated
JP-5 13-A 118 0.37 <0.1 0.14 >10 0.18 5-10 -0.28 0.1-1
JP-5 13-J 30 0.37 2-5 0.38 2-5 -0.47 0.1-1 0.54 0.1-1
iP-5 13-P 8 0.65 5-10 0.02 >10 0.72 2-5 (1 18 >10

i__ " i I ii.

"Modified 8901B inhibited fuel test.

TABLE 33. CORRELATION BETWEEN PRE-TEST IFI AND
ELEMENT PERFORMANCE PARAMETERS

Noo Correlation coefficient betmeetp re-test IFT and indicated earaiuetcr
No o dirt ai Avg AEL rating, Avg solids I Avg

Fuel Procedure 40 psi mgi/ I content. mgiQ I Tormtor
tests ____ _ _

Sigif , . -[ Signif 1I i -VluValue Value i Value SiVni alue gni
I ____ ____ level, veI level, $l lvel.

Untreated
JP-4 10 16 0.19 >10 1 / 0.I 0221>1() 0.3: >10
JP-4 13-A 8 0.96 <.u.. 0.1-, >O0 0.70 _-5 0.01 >10
JP5 * 6 .-- ... 0.9 1.1 0.65 > 1 0.00 -
JP-5 10 37 0.05 > 10 0.61 <0.1 0.1) >10 1 0.00 <1.
JP-5 13-N | 10 I .41 '>10 0.43 >10 0.21) >(10 0.23 2 >1o
JP-5 13-0 I0 0.02 >10 0.17 >10 0.35 >10 0.17 >10
JP-5 14-A 5 0.24 >10 0.53 >10 51 > 0.51 >Io

Clay-treated
JP-5 13-A 118 t0.17 5-10 0.19) -1-5 o.18 1 2,.0_- -0
JP-5 13-J 30 0.53 0.1-1 0.63 --O.l I (j40 I (.1) (.,, .A() I
JP-5 13-P j 0.82 01-I (1.29 '110 0.55 JA.' 110l

• 9odificd 901B inhibited fuel test.
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JP-5 fuels containing a number of different addi- • ,
tives. Again, because of the diversity in fuel blends
and elements, little quantitative significance can be
ascribed to these plots. However, the locations and 3

slopes of the lines are consistent with the differences t /

in particle size of the contaminants and the differences • /,
in procedures. The coarsest contaminant (coarse AC 2W -

dust) is used in Procedures 10 :ii d 13-A. Results from ,
tests run according to these proce -ues show that, over a .PjW I 1YA

wide range of WSIM values, average effluent solids con- *4 .. -.-- '-

tents are generally well below th'ose of tests run using 100

finer contaminants, fine AC dust (Procedure 13-J) and I- / ," . ,
ground iron ore (Procedure 13-?). It is interesting that ,,o.,...I- Ahw, 13/A

0he regression lines for Proce4ure 13-A run with either 0 0,20,40 do- 00
JP-4 or JP-5 are nearly coincident. The much lower I',,tm W

average effluent solids contents in the Procedure 10 tests FIGURE 4. PERCENT DIRT LOAD AT 40 PSI
may be the result of tlee diffe-ences between that pro- F PRETEST W D4M

cedure and the other three procedures. In Procedure 10,
the elements are subjected to extensive water washing
before solids injection is started. Li the other three pro- ,
cedures, the test element is loaded with solids before any
large amount of water is injected. These three proce-
dures are identical except for the solid contaminant. The \4. \ P-51 h 1

fineness of the cortaminant gave a regular effect on the
WSIM-solids relationship: (1) the finest material (fine -'

AC dust. Procedure I 3-J) gave the greatest slope of the -

solids/WSIM line. (2) the coarsest material (coarse AC
dust, Procedure I 3-A) gave the smallest slope, and (3)
t iae ground iron ore (P,.ocedure 13-P) gave an inter- P . 5, o , 13-A ,

mediate slope, Thus. here is a regular relationship ---..

n•,een contaminant particle size and the contaminant's 04, ,,,,. 13-A

tendency to pass through a filter-separator when the fuel 0

quildity is poor. 0 -. ." 20 40 60 lO la0

Altmough positive correlation between WSIM
and IF1 measurements is plausible, no significant cor- FIGURE 5. AVERAGE EFFLUENT SOLIDS
rlition was indicated by the values of calculated cot- CONTENT VS PRE-TE! T WSIM
ieltion coefficierts using eithe, pre-test or p)st-test
saMples (se rlabes 34 and 35). Comparable numbers of positive and negative correlation coeftli.ents were obtained,
.11 in nnlis a few cases were the correlation ,coefficients great enough to imply statistical signifiscance. In every case,
the higlo klvels of sig~ific-ance occurred for groups of five or less tests. It is very possible that the high !evels of
',gnrfrc:.uce .i:e fortuitous. The lack of correlation probably results from the small range of WSIM and IFT values

a•,iciated with e ;,h group of tests.

The ra•nges of both WSIM and Ir"T values can be greatly increawd by adding to each group. the
nieaNurt'vme, from uriinlhibite4 fuel tests. Results of calculations on these ,egroupings are 4owwn in Table 36.
Using ihe rel:ixed test conditions,, positive correlation coefficients were obtained for all nine gromps of tests
given. Al, o. in sven cases, thti correlation coefficients are significant at betttri than the l¶€ level. I.l the other

ihr,'e cawes. ievel of signifiance is worse than the 5% level It is interesting that all the regression coefficients
fali in the range of 0.1 to 0.4. It appears that regression equationrs, not nrecessarily linear, useful for cor
iclif!ng WSIM and IF'T ;.alues could be obtained for each Cuel-additive •ystem by conducting replicate WSIM
and I! I weasurements at several concentrations rargi-gi from ze~o to the maxilnurun allowable additive
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TAlBLE 34. CORRELATI )N BETWEEN PRE-TEST WSIM AND PRE-TEST IFT

F u e l , ,, r F F S 1 1 , N _ o .r I c ° " ; " 'o r , c " effi c "
Ful thi b Vol % t ests Vaue Signir

I I level. 7,

Ifntrealed

JP none 0.15 5 [ .0.99 <0.1

IJF4 Snt 0.15 5 0.95 0.0 .1
UP r AFA 0.10 5 0.75 5-10

JP.. one 0 26 0.04 >10
JP-5 none 0.15 6 -.00 >10
JP.5 Sni 0 4 -0.73 >10
JP-5 Snt o,15 39 0.01 >10

JP-5 Sot 0.15 5 0.334 >10
JP-5 AFA 0.15 25 -0.04 AIt)

JPb5 Tol 0.15 6 0.97 <0. I
JP-5 Lubr 0.15 4 0.93 S.10
JP.5 n 0.15 26 0.03 > 10

SP. 5 
EDS 

015 
4 

0.00

SP-S m nm 0.15 12 
-0. 0.1 ,

,kýCl trated

S'F- Sn, 0.15 29 I -o.2 1 >,o
V15 AFA 0.15 27 0

P5 Luhr 0. 5 25 -0.38 >60

' JP.5•__ fP 0 .,5 20 4 I -1
SF 5 E0DS 

>.SFP5 Uni 0.15 9 0.41 >t

TABLE 35. CORRELATION BETWEEN POST-TEST WSIM AND POST-TEST IFT

Ful Corr FS1 No T 0-.too- fci

I II I eve,::
Untreated

IJP * 1 .. 1 0.1! 1 TI JP-4 I n o., I N5 I "" I ..
JP4 I AFA 0.10 IIF- n's one 0 2 6 01o4 I >10
1P.'5 I none 0., I 1 "j I6

SJP'5 ( Sn, 0 4 "' ) '
___P-5 Sn _ 015 I 39 .....JP-5 Sn, 0.!O0 5...

JP,5 AFA 0,15 25 ...
JP.5• T ol 0.l5 6 '...
0.5 Lub, 0.15 4iP.5 I p 0 .1 2o0...

'5 EDS I OA I 4

mClayrlreated .
f uel 1 1,1 vol SN tent, 2e t 01l.e 1 oF-uul

S F A AFA 0. 5 I U.* . 01, ] >,t,
SJP S I , Sn 0. 1 5 -3.3 02 > ,10

SF- AF 0. 5 60 o I * .W43 .2 <.
SF_5 [aP 0.15 3 .W0. .6 <.

TABLE 36. CORRELATION BETWEEN PRE-TEST WSIM AND PRE.
TEST IFT FOR DIFFERENT CONCENTRATIONS OF CORROSION

INHIBITORS INCLUDING ZERO CONCENTRATION

Correlation

Ful Corr FS11. No. of Recessiio ,.coefficie nt
inhib wol I• tests equation VAlue sipm

level. 1:

JP-4 AFA 0.10 x I 0.4W + 2.6 0.,!2 !it)

J P 4 S a t 0 .1 5 .1 1 0 .3 W + 6 .2 0 .5 ct % : 0
JP.5 Sn' 0.00 27 I -O.W + 36,3 0_16 >10
JP-5 Sm 01is 76 I 0 1w =. I 29 O.31 0,1-1

JP-5 AFA 0,15 60 1-0 W . 4.3 0.52 <0.I1
JP-5 1"ol 0Is 16 1 "O.W . 16,6 O.94 <0.1
JP-5 Lubr 0,15 37 I •0.3W +8,0 O.66 <0, I

I.' ,RP^ 015 37 VI N " 0 I3 +1,0 V9 <0. I
Fmr 0.15 12 1 L04 ÷ ,.,0,1 0
111 0.15 21 f "OrA 4 # 1.1.1 0.114
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6. Clay Treatment Effects

a. Effect on Fuel Quality Parameters

(1) Effect on WSIM and IFT

Clay treatment caused an incease ýa WSIM of uninhibited JP.5 babe fuel. Alto, blends of any one
of six corrosion inhibitors in the treated base fuel gave higher WSIM values than the correspondng blends with
untreated base fuel. This is illustrated in Table 37. All seven compositi ms gave higher WSIM values with treated base
fuel, indicating that the trend is highly aignificant, although sonme of the individual differences are not significant.

Based on the results given in Table 37, there was no significant difference in IFT of fuel blends
made with clay.treated or untreated JP.5. IFT values of blends containing clay-treated JP.5 were higher than those
of similar blends containing untreated JP.5 in three cases, less in three cases, and the same in one case.

Examination of post-clay treatment WSIM and IFT data from successive runs on the same clay
canisters reveals that clay treating is more effective in restoring WSIM values to a high level than it is in restoring IFT
values, particularly after a set of clay canisters has been used to treat a considerable volume of fuel. Data illustrating
this effect are tabulated below:

Clay Treatment Post-Clny Treatment WSIM and IFT values
on New I.2t..4.8-L5 5- Test•6 1 2ei.•_i•l2J T. L8 Lests 2!89-3001 Tests 304- 3 13

Canisters WSIM JET WSM JFT I IFT W51M_ IFT WSIM La

1 100 45.1 98 47.7 98 46.9 98 46.7 100 48.6
2 Q7 44.0 98 49.1 99 46.1 98 46.3 96 45.5
3 97 44.2 95 44.2 92 46.2 98 46.2 98 47.4
4 98 39.8 97 45.8 96 45.9 96 45.7 98 45.1
5 98 41.8 95 45.8 95 45.3 97 45.3 96 44.1
6 95 39.8 93 45.8 95 46.3 97 44.8 97 43.4
7 97 38.0 90 44.1 99 46.2 0,7 44.1 98 39.4
8 97 39.6 87 45.4 98 46,7 97 41.8 99 34.7

9 93 44.9 99 44.1 96 40.3 96 34.3
10 97 44.3 97 45.5 95 38.3 96 32.0
I I 9;' 43.9 97 45.1 97 37.0
12 93 42.6 96 44.6 98 44.7
13 99 44.2 100 46.3
14 97 44.3
Is 99 43.4
l, 94 43.1

In all ;ive ,eries of clay treatments, WSIM ialues never decreased more than 8% from the value measured after the
firsi clay treatment of fresh fuel, using new lay filter canisters. IFT vaiues, however, decreased 8% to 34%.

The wries of clay treatments starting with Test 289 is particularly interesting. WSIM values
remained within the range of 95 to 98 during 13 clay treatments. but IFT values decreased sharply from 46.7 to a
I!o% ot 17.0 after the eleventh clay treatment. No co, osion inhibitor was added to the fuel during the remaining
thr.e teits. and posiclay treatmnent IFT values increased from 37.0 to 46.3. 'The three tests involved here were
special Ics,'s (29•,, 3M)A.D, and 301) Involving extensive water injection. These results suggesi that with increased
usige. th'. clay became less effective in rerroving corrosion inhibitors and this is reflected in decreasing IFT values.
Also. it appears that repeateJ cl;iv treatmnt of the fuel, without additions of corrosion inhibitor, removed these
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traces of corrosion inhibitor. It is also quite TABLE 37. EFFECT OF CLAV TREATMENT ON
possible that the extensive water washing of the QUALITY PARAMETERS OF JP-5 + VARIOUS
fuel during the tests preceding the last two clay CORROSION INHIBITORS
treatments played a role in increasing the IFT
,alueS. Corr Conhn. Fuel* WSIM - IFT

inh~b Ib/Mbbl I l Mean Tests SD 'Yewo 7's- D

Apa!, from effects of clay
treating on the levels of the fuel quality param. none 0 NT 87.0 6 6.0 43.8 6 1.5

eters, it was thought likely that clay treating CT 97,5 2 -- 45.0 2 ...

would affect the degree of scatter in the data. St 16 NT 71.1 34 '.7 34.9 34 2.:
Examination of the standard deviations of CT 726 29 11.1 36.3 29 2.2
WSIM and IFT measurements on fuel blends
made up with both clay-treated and untreated AFA 16 NT 60-9. 21 10.0 23.3 21 1.2
JP-5 (see Table 37) ir.dicates no trend towards cr 71.A 23 8.5 22.4 23 0.9
either increasing or decreasing the standard Tl 2 T 3 . Y 2 . .stnad To! 20 NT 30.0 4 ].P 25.2 4 1.0

deviation. CT 36.0 2 -- 28.5 2 ...

(2) Effect on FSII Concentration Lubr 20 NT 42.3 3 3.2 26.3 3 0.6

CT 63.6 25 10.9 25.6 25 1.6

An examination of FSII con-
centration data indicates that clay treatmcnt cR 64.8 9 8.9 26.8 9 0.2

does remove FSII from fuel, especially when
the clay canister elements are new. Table 3Ki Uni 20 NT 31.3 7 6.3 23.7 7 5.6
shows data from all the tests which were !in CT 34.7 3 1.5 23.7 3 3.1
immediately after fresh fuel treatment with - - -

new clay canisters. The differences between 'NTis untreated JP-5CTis clay-treated JP-S.

pre-clay treatment FSII concentrations*, aid
post-clay treatment FSII concei,trations for the
second through seventh use of the canisters
with fuel are also shown. Just before cay TABLE 38. EFFECT OF CLAY TREATMENT ON
treating, fuel was added to restore the fuel FSII CONCENTRATION
volume to 600 gal. Since the volume of makeup
fuel was small (usually less than 30 gal), it Change in FSII concentration with
would not cause an appreciable decrease in FSII Test no.* successive cla* t-eat-mtents

concentration. The results of the first use o.the /2nd " 3rd 4Ti ° th ,th 57th
canisters for fuel cleanup are not shown be-- I .

cause in most cases the fuel treazed was fresh 220 ... ... 0.02 0.02 0.01 0.0(
from additive.free fuel storage and FSII con- 238 0.0! 0.0! 0 0(0 0.00 ..

centration was not determined. The data show 248 0.05 1 0.03 0'.-1 010 001
256 0.01 ... ... ..

that the clay canisters remove less FSIl with 26! 0 u00 000 1 0.01•
each srcc~eding treatment, removing esse!,tially 27) 0.01 0.02 0 00 0.01 0.O0 0.01
no lF.1 after about the sixth or seventh use. By 28,9 0.00 0.03 001 0.01 (Jo 0.01
statistical analysis, the difference in FSII con- .304 0.06 001 o00 0.00 0.01 001
centrai.o• before and after clay treatment 314 0.00 006 06 3 W 001 If (00 0 M

325 0.02 0.03 00!.] . . .
ranges from significant for the first tre ,tmm nt, 325 0.00 ... ....

to possibly significant for the sixth treatment.

The removal of FSIi by clay Mean 0.023 0.011 0 (I10• (I i 0 W1 0 I_ IRv

treatment is by no means complete, as is -*Firs test run after itttallAtion vi ne% 'a .Anjtcr%

believed to be the case witll most comnmonly tlach ut involved treatment of a 
6 U.gdl volumt. .,i mhihs,:d IP (d

used corrosion inhibitors. As can be seen int WIM rating wab 95 ut higher A pnsitivr vcalue mini itvmmfiaw • I 'III

Table 38. the average percent FSII removed from ...........n,...................

*Post-test ISll concentration values from the preceding test were used to represent prre-cla tretatiment salues
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TABLE 39. VARIATION OF FUEL COLOR the fuel with fresh canisters is only 0.02. However,
IN SERIES OF TESTS WITH on the basis of data obtained, the removal does

CLAY TREATING appear to be real and significant. Although the
mechanism of removal is not known, it is believed
adsorption of FSII onto constituents of the clay

Test 1'oncn . Fuel color, Saybolt$ - occurs until all sites for such adsorption become
Test Additive onMn. P Fuel t orre Post-test saturated, and that the population of such sites isio. Ib/Mbb ost- not as great as sites for corrosion inhibitor adsorp-

289 Luhr 20 +30tft +30 +30 tion.
290 l.uhr 20 +23 +23
291 Ljhr 20 +22 +22 +21 (3) Effect on Saybolt Color Ratings
292 Luhr 20 +21 +23 +22
293 Lubr 20 +23 +22 +21 In Table 39, the Saybolt color

"294 Lubr 20 +22 +22 +21 ratings of test fuels are reported for all single-
295 Lubr 20 +22 +22 +21 element loop tests for which they were obtained
296 Lubr 20 +22 +21 +21 up to the conclusion of experimental work. The
297 Lubr 20 +20 +21 +21 results indicate that the use of new clay canisters
298 Lubr 20 +21 +21 +21 increased the color rating of JP-5 fuel from around
299 none'* --- +21 +21 +22300A none" ... +23 +23 +23 +19 to +30 (the +30 represents the lightest color,
300B none"* ..... +24 +23 "water white"; -16 represents the darkest color).
300C none" ...... +24 +22 However, subsequent reblending of the fuel with
300D none" ...f... +23 +24 corrosion inhibitors, testing, ano retreating with
301 none" --- +23 +23 +23 clay led to rapid darkening in fuel color; usually,302 none"* .... 421 +2)

303A none" ... ... +29 +29 o'fter four tests, color ratings had decreased to

303B none". -- +21 +21 around +23, and remained at that level for 7 to 11
tests.

304 Lubr 20 +30t : +30 +30
305 Lubr 20 +29 +28 +28 A clo~er look at the results of
306 Lubr 20 +23 +28 +23
307 Lubr 20 +22 *23 +24 the Saybolt ratings indicates that no detectable
308 Lubr 20 +24 +26 +23 color change occurred in the fuel immediately
309 Lubr 20 +22 +23 +23 after blending with additive (comparing post-clay
310 Lubr 20 +24 +23 +23 vs pre.test color ratings), and no detectable change
311 Lubr 20 +23 +22 +23 occurred during any one test (comparing post-ciiy
312 Lubr 20 +22 +22 +22 and pre-test color ratings vs post-test cotor313 Lubr 20 1.22 +21 +22rai g )ratings).

314 AFA 10 +301: +30 +30
315 AFA 16 +30 +30 +30 The greatest increases in fuel
316 AFA 16 +27 +27 +27 color occur scon after the initial clay treatment.
317 Snt 16 +24 +24 +24 These increases are abrupt and sizable and usually
318 Snt 16 +23 +24 +24318) non16 +23 +23 +23 occur between the post-test measurement of one319 none -- +24 +23 +23

320 Snit 16 +23 +23 +23 test and the post-clay treatment measurement of
321 Lubr 20 +23 +23 +23 the following test. Thus, the increase in color
322 tLubr 20 +23 +23 +23 appears to occur during the clay treatment. This
323 Snt 16 +22 +22 +22 suggests that color bodies removed from the raw
324 Snt 16 +22 +23 +22 fuel during the initial clay treatment are sub-
325 AFA !0 +30t: +30 +30
326 none --- +30 "30 +30 sequently released; perhaps thiey are displaced as

327 AFA 10 +30 +30 +30 increasing amounts of corrosion inhibitors are
32X none ... +28t: +29 428 adsorbed onto the clay.
329 AFA 10 +29 +29 +29

'Sayboll color rating of +30 rvpreients the lighteit color; - 16 represents the In all cases, clay canisters were
jarkett color, used only until they failed to restore fuel WSIM
i C'olo ;Of uninhibited JP-5 fuel before clay treating was +÷19.t Arolerutallation ofnewclay cannisteas, rating to 95 or higher. With this in mind, it is

"-Test was run according to ipecial procedure, contaminant was plug-valve interesting to note, !hat. although these canisters
re .... remalned effective on this basis for up to II tests,



they usually were unable to remove coloring agents in the fuel after oniy 4 tests. This leads one to the plausible
conclusion that these coloring agents have little or no surface active p,.oper ties, and that, in this respect, the Saybolt
ratings were not useful in predicting fuel or fuel-additive blend perforrnam , ir, filter-separator tests.

During the course of filter-separator testing, not enough Saybolt color ratings were obtained on
differernt corrosion inhibitor-fuel blends to determine if different systems promote fuel coloration more or less than
others, although it does seem quite possible that Lnis would be the csse.

b. Effect on Elerment Performance Parameters

Another question of interest with regard to filter-separator testing is whether cly treating has any effect
on the performance of filter-separator elements. Unfortunately, only two groups of tests were run in which all
conditions were the same except for the use of untreated or clay-treated fuel. Results of these tests, rui on JP-5 + 20
Ib/Mbbi RP-2 + 0.15% FSII and using elements of Filters Inc. Lot 465, are given in Table 40. There is no significant
difference between the mean parameter values for untreated JP-5 and clay-treated JP-5 except Li the case of element

TABLE 40. EFFECT OF CLAY TREATMENT ON FILTER-SEPARATOR
PERFORMANCE PARAMETERS OF JP-5 + 20 lb/Mbbl RP-2 + 0.15% FSII*

Untreated JP-5 + 20 R! Clay-treated JP-5 + 20 lb/
Parameter Mbbl RP + 0.15% FSII Mbbl RP + 0.15% FSII

"Mein or 't"siF SD Mean for 9 tests SD

Element wt gain. g 224 44 239 73
% dirt at 20 psi 110 27 116 37
% dirt at 40 psi 112 25 121 39
Avg AEL rating. mg/2 27 30 21 i 6
May AEL rating. mg/C 39 41 45 41
Avg solids, mg/k 0.18 0.03 0.17 0.05
Max solids, mng/2 0.27 0.05 0.32 0.11
Avg Tot rating 7.5 15.0 1.9 2.8

.Max Tot rating ,.2I 49.2 11.0 18.7
Element AP at zero mmi. psi 1.b2 0.12 1.93 0.11

SA1 tsti p~r-ormed cs.iording to procedure 13-A using only FI 465 eleicnts and fuea ,ius Batch 23.

dtfferenital press.ure at tiazt of test The elemnwt difetenttal pressure of 1.93 psi for the clay-treated fuel is
greater than thst for the untreated fuel (1.(2 psi) by an amount which is statistically very highly significant.
It is difridt to assign a caust for this Jiafejence in pressuret,. All the tests were run under identical
cueidiuont ujnt ttKwl froml d jlyle batch (No. 23) and clemntis of a single lot (Fl Lot 40S) Titne-telated
er.'ecti might be wtcotd here, unce eight of the teits with day-treited JP-5 were run first. loll9wcd by tihe
(our teht, on unt.teptcd fucl, and Latly one iddittoft,41 test on clay-treated fuel. H%, evci. the differenttid
oertimrr- of the la't test with clay-treated fu•i tr serl in hint with eadier results on clay Irrtead fuel, which is
, .Idtcwt alimst (the preac'e if tintC-ela•te* rftes ftli :aut: tot the diffefencstin mocan clrrnte differential
ptruie is not ap..arent. ant no snmtm.,ns ,.wr h- ofirmuiAted as to how clay tireating cn alter fuel
prop|ttses to effect such a -tcAlt

IntuitivVIV, lay-treatmng of fuel W-ould h¢ rupcoftd lo imiult 11, it tioved test teprat.4hility flhwevem,

s'0Psr*VM of standard 4ev,,tions of pt gsfi amc paraincters t J, dy trcatcd and untieated JP-5 (I'ablc 40) dows
nwA VoJP;t thn *i""•irl StandAtd dCV1200 11 it* tCit !amertri\ rf Iay-treated JP-5 are lorger than thwsc f'o
.m. . t.d I .in i .hi caws out of



7. Injetion Water Effects

During the program reported herein, only very limP.ed data were obtained relating to the effects of injection
water composition on filter.aepirator performance. A few tests on JP-5 + 16 lb/Mbbl Santolene C + 0.15% FSII were
performed in which the injection water compositxon was varied. AD of these test were run according to Procedure
10 and involved Filters Inc elements from Lof 286 and 440. Injection water quality parameters are giveri in Section

TABLE 41. AVERAGL AEL RATING OF EFFLUENT FUEL
FOR DIFFERENT TYPES OF INJECTION WATER

Averap free water,
Test no.* Injection water rag[I

_,Min Max Mepn SD

64-68 Type B "'synthetic" 0 8 1,9 2.1
70-72
77,91I

74 pH5 (distilled + NaCI + IICI) ... ... 1.0 --
75 pH7 (distilled + NaCI + NaOH) ..... -
76 pH 10 (distilled + NaCI + NiOH) -- 0
78.79 65% Type B + 35% FSII 2 3 2.5 ---
83 Type B + NaCI (932 mg/ CI-) - ... 0 ...

96,99 Filtered WPAFB tap water 2 5 3.5 ---
95 Distilled - ... 3.0 ---
92 p1i 9.5 (Type B #- NaOH) -. -.. 4.0 --

93.94 Distilled (contanrinited with
residues from test 92) 2 2 2.0

97 pH 9.5 (Distilled + 164 mg/2
NaHCO 3  + NaOH) ...... I- 1

"All tests performWd on JP-5 + 16 Ib/W.b', Santolene C + 0.15% F311 accordirg to
procedum. t0 with Filters Inc elements frtm Lots 286 and 440.

TABLE 42. AVERAGE SOLIDS CONTENT OF EFFLUENT FUEL
FOR DIFFERENT TYPES OF INJECTION WATER

Average solids content,
Test no.* Injection water mrnk

Mini Max Mean SD

64-tX Type B "'syrthetic" 0.00 0.12 0.04 0.04

70-72.

74 pH5 (distilied + NaCl 4 H 'I i ... --- 0.07 ---
75 pll 7 (distilled + NaCI + NaOH) --- .. 0.01 ---
7(, pHlO (distilled + NaCI + NaOH) .... 0.03 ---
78,79 65"; Type B + 35,; FS1I 0.00 0. 5 0.08 ---
X3 Type B + Nat1 (932 ng/lt C'I) ... ... U.03 ---
i),tk',m Filtered WPAFB tap water 0.03 0.03 0.03 ---

Distilled --- .. 0.14 ---
2 p1t ) S (tyvp B + NaOH) --. 0.05 ...

'J3.94 lDtioilled (contanitated with

residues from test 92) 0.00 0.03 0.02 ...
pl 9 . (dist lled + 164 ag/!V[NalI(O• 0 NaOH) ... 0.01 ...

*Ali test, perforned on JP-S + 16 lb/Mbtl Santolene ( + 0.15'"; I.Sil according to
p-,o,-'•due 10 with titers Ihc elements from Lots 286 and 440
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HIl of this report, and elenmet performance parameters for tests A iith various injection waters are given in Tobhei 41
to 44. As ca.'i be seon, these results suggest that the variations of inject ion water c'omposition that were urid had no
sipnificant affect on any of the element performance parameters. It can bo concluded that the wat'ir properties that
were Investigated either have no effect whiatever on test severity, or that tl'.e effects are so insignificant thai they are
obscured by element-to-elemnent variations. Although there was good evidence for beliievi~ng that water properties
could have significant effects on filter-separator performan ~e on Sanid'ene C blends, these test results shoA' that this

TABLE 43. TIME TO REACH 20 PSI FOR DIFFERENT
TYPES OF INJECTION WATER

Timne to reach 20 pi
Test no., Injection v ~er Inii

Mn Max Mean SD

64-611, Type 8 "synthetic" 22 42 30.1 6.3
70-72,
77,91
74 pH5 (distilled + NaOi 4 liCi) .35 -

7.5 pH7 (distilled + NaCI + NsOH) -- *. 32 --

76 pHl10O(distilled + NaCI + NaOH) -- --- 30 -.

78.79 65% Type B + 35% FSII 28 38 33 -

183 Type B +NaCI(932mg/QkCI ) 27 -

96,99 Filtered WPAFB tap wanter 18 42 30
95 Ditilled -- -- 31 -

192 PH'19.5 (Type b+ NaOH) - -- 32 -

93,94 Distilled (contaminated with
residues from test 92) 26 j31 28.5

97 pH 9.5(distilled+ 164 mg/V
NaHO 3 + NaO) ... -- 38 -

*AUtesbts perforlytd on iP-5 + 16 Ib/Mbbi Santolene C + 1 5%~ I:Sii actcordh* t
procedure 10 with, Fitef Inc 6stesnts fofli Lots 206 aod 440

TABLE 44. ELEMENT WEIGHT GAIN FOR DIFFERENT
TYPES OF INJECTION WATER

Test No.* !ijcio ater i ýntih

64.6,668, Type 8 synthetic" 147 2tri7 9-1 3_

76 PHI- ldi:,ttiled + NiA1 + N& 20
78,79 j5r1k~p. t1 F1 22 w

9b,9Q Htert'ed WPAF13 Up w'aktvf 141 149 !4 S

95 li ~ttilled
92 IPH Y (type b #NiOH)
93,94 )t f~tilkd (ýtiufltoi~trd unthil

97 p"t s.5 (dtittlkd 0, 1M !A Hs,

AI-npfonmNc~, )b Nnuiff N44= 01 WV#f

A11d;; l- i potrilFtame nIt 9wlln6 from VI ~ak t'66 en 4"1 St ~~jt



is not the cue for the conditions investigated. This negative result has the practical implication that differences in
mineral composition and pH of injection waters within the ranges tested are not likely to significantly affect
filter-separator test results. This conclusion cannot be extended automatically to cover differences in types and
amounts of particulate matter in water supplies, nor can it be extended to cover gross contamination of the water
with surface-active materials.

Attempts to correlate element performance with such injection water quality parameters as surface tension,
pH, and solids content proved fruitless because of a general lack of sufficient variation in any of these parameters.

8. Element Physical Parameters

a. Physical Variations

Three parameters (element weight, element differential pressure in the pressure-check trotigh, and
element differential pressure at start of test) are related to physical variations in the elements. The level and degree
of scatter of these parameters are of some interest and will be presented here. Of more importance is the extent of
correlation between these element physical parameters and element performance parameters; this matter will also be
taken up in this section.

Weight statistics for all element lots used in these tests are given in a preceding section of this report
(Table 5). Regression and correlation analyses were performed in an attempt to establish the degree of correlation
between element weight and any one of nine element performance parameters. Calculations were made :n groups ot
tests having the same corrosion inhibitor, corrosion inhibitor concentration FSlI coricentration, and element lot.
The results of the calculations of correlation coefficient and its level of significance are summarized in Table 45.

TABLE 45. CORRELATION BEIWEEN ELEMENT WEIGI-r
AND PERFORMANCE PARAMETERS

(All tests run according to Proredure 13-A unless otherwuse noted)

JP-5 Fuel Blend*

"Element weight vs
St 'Elem ent 9 D r ; D i,! 40 o d

(orr 'oncn, Element No. of Avg A'L [ Max AHI. I pen at D1rt, Oi 4
inhib 'cintifiation tests Signif

L"Untreated

Stitt 1t l286 15 0.47 5.10 0.06 >10 0.34 >10 0.33 >10 0.221 >10
Stit I t F .440 1 0 3.4 >10 0.06 >10 0.58 >10 0.4(6 >10 .45 >10
AFA 4 F1 40 5 0.1, >10 0.06 >,I0 0.61 >10 0.85 510 0.73 >o 0
RP 20 F, 405 4 0.75 >10 0.74 >10 0,95 2-5 0.98 1-2 0.'°" 1-2

( l a y , t r e a t e d 1 > 1 0 -i 1 4
Snt lb F1 465 5 0.67 > , 0 -8 0.1, -7 1 .1
Sni It Fr 4 0.04 >10 - I O.' 2.5 0.57 >10 0.73 >10

Sil I Bn 4 0.97 0.1-1 O.7 I 5 0.64 >0 0.0) 1.-2 0.99 0.1-I
n 16 Bw 4 0.60 >10 064 >10 ] 0.48 >10 -0.3( >10 (.41 >l

AFA I, , FIl 465 9 0.07 >10 0.04 N>OI 038 >10 0.34 >10 0.34 >10
AFA I1, Fr 4 .661 >10 0.58 >10 OIl >0 1 0 -0.68 >10 -0.71 >10
AFA Io Bn . 0.88 5 0.85 >•1') 099 0.1-1 099 O.i-I 0,88 >10
AlA It, Bw 4 0.67 >10 0.23 >10 0.23 ;,10 -0.59 >10 -0.71 >10
1.1i,, 20 Fl 'oS 7 0.3' >10 0.16 >10 11.20 >10 0.21 >10 0.21 >10
[uhF 20 FIGS 4 0.47 >10 0,51 >10 0.02 >10 0.21 >10 0.21 >10
Lbh, 20 F1 4 0.77 >10 0.8.3 >10 O.02 >10 0.64 >10 0.64 >10

blilh 20 Bn 4 0.24 '-If 0.57 :>10 0.27j >10 0.14 >10 0.14 >10
"I 1h, 20 BW 4 0.2 >10 0.45 >10 0.46 2.5 0,65 >10 o65 >10
PP 20 Hl 46' 0 0..2 >!0 0.2" >10 0.42 >1J 0.43 >10 G.OI >10

SillFl 465 [ 5 0.59 >i 0.5 >10 0.01 1>10 > 0.50 >10 0.50 >10
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TABLE 45. CORRELATION BETWEEN ELEMEN7 WEIGHT
AND PERFORMANCE PARAMETERS (Cont'd)

(All tests run according to Procedure 13-A unless .therwise noted)

JP-5 Fuel Blend*

Elcllement -eight V
Coll Concn. Ern"i I No., Ag Sid Mx oTontor max Totlmitoj
inhib lh/Mhb] identification tests i Si ifSigni Signif,I. , , ,

Un treatedl
Stit 16 286 15 0.30 >0 I >10 0.03 >1 .I T

Sttt 16 Fl 440 9 0.42 >10 050 >10 ... ... 0.30 > U
AFA" 4 Fl 465 5 0.40 >10 0.44 >10 -0.41 >:0 -0.33 >10
RP 20 Fl 465 4 0.19 >10 [ 0 >5 >10 0.75 > 0 I0.75 >10

Clay-treated
Snt 16~ Fl 465 5- 0.4 >1 OST>0 -0.66 >10 -0.65' >10
Snt 16 Fr 4 0.52 .>10 34 >10 0.32 >10 0.25 >10

Snt 16 on 4 0.94 5-10 0.93 5-10 ... .. 3.93 5-10
Snit 16 Bw 4 -0.65 >10 080 >10 0.',) >10 0.22 >10 I
AFA 16 Fl 465 C9 -0.25 >10 -0.38 >10 -0.50 >10 0.34 >10
AFA 16 FR 4 0.63 >iO 0.58 >i0 .. 0.47 >10
AFA 16 Bn 4 -0.03 >10 0.37 >10 . -. 0.99 0.1-1
AFA 16 Bw 4 0.05 >10 0.38 >10 0.88 >10 -0.88 >10
Lubr 20 Fl 465 7 0.62 >10 0.47 >10 -0.17 >10 1-0.24 >10
Lubr 20 FI GS 4 0.02 >10 -0.45 >10 0.40 >10 044 >10
Lubr 20 Fr 4 -0.73 >!0 0.92 5-10 0.53 >10 0.83 >!0
Lubr 20 Br. 4 --0.08 >10 0.04 >10 6.81I >10 0.57 >10
Lubr 20 Bw 4 0.04 >10 -0.40 >10 0.48 >10 - -

RP 20 F1465" . 0.44 >10 0.57 ">10 0.43 >10 0.41 >10
iSnt** 16- J F 465 5 0.92 2-5 -0.8 2-5 -0-97 0.1-1 0.20 >10

*Plus 0. 15% PSi11 unless othcrwise noted.
BtPlacedhim 103.
;Cont."i;ied 0.1OA,, FSV.
•Procedure 13-).

Rý,i,:ussinn c• efficients and equations were also calculated, but, in view of the generally low level of correlation.
these are rAt reported here. If increased element weight is associated with increased media density, then it can be
argued that there should be negative correlation between element weight and all the )erformance par-ameters in
Table 45, except for average and maximura AEL ratings for which the sign of the correlation coefficient iS not easily
predicted. Exarqiination of the correlation coefficients shows that there are slightly more positive than negative signs
anid that dhere is no reat preponderance of either sign in the case of any parameter. On the basis of the results in
'Table 45, there is no evidence of correlation between element weight and any of the nine performance parameters.

b. Element Differential Pressure in
T,'ough TABLE 46. DIFFERENTIAL PRESSURE IN TROUCH

OF VARIOUS FILTER-SEPARATOR ELEMENTS
Element differential pressure hi,

trough statistics (mean and standard deviation) Elem A p ii.

are given in Table 46 for tests on JP-5 fuel Fuel blend E:,-,-nent ttokgh, psi-Sidentfcatiuon %0. eI
grouped according to element lot- deei so .

tests

Correlations between element dif- IP-5. uniihibitca Filters Inc 14208. lot 465 JA 1435
ferential pressure in th- pressure-check trough JP.5. uninhihited Filter_ lnc 142O8.lot 516 5 1-4 I a.23 .5 Q

RP-5, uninhibilted Filters Inc., Gov1 St"] rnIlrd 10-68 4 - K; 0.- LIS'

and the element perform2nce parametefs are Jr 5. uninbhibited F:ain CC-SI 13. lot 14 12 Owl '31 7 7
• summarized in Table 47ý the general lack of JP.5, uninhibited Bendi•. part no. 0.458000 I= i 91 ] 05-qx

0J P .5 . -n in h ib i le d B ow s er. p • i no -. A 1 3 8 9 8 ! 2 ;1 7 1 , 4 0

correlation is obvious. The vast majority of l _"
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correlation coefficients are not statistically significant, even at the 10% level. Also, in the case of most performance
parameters, the number of positive and negative correlation coefficients is about the same. In the case of two
parameters. % dirt load at 20 psi and at 40 psi, almost all correlation coefficicnts are positive. This is paradoxical
since for a given element design, tighter elements (higher differential pressures) would be expected to !have lower
dirt-holding cafacities, hence the correlation coefficients would be expected to be negative.

c. Differential Pressure at Zero Minutes

Statistics (means and standard deviations) for element differential pressure at the start of test (zero min)
are shown ia Table 48 for tests run or. a variety of JP-4 and JP-5 fuel blends using -lements from several diffkrent
lots. Since it is questionable whether or not the differential pressure is affected by rne very small concentration of
additives, the data in Table 48 are presented again in Table 49 with tests grouped only according to fuel type and
element lot.

TABLE 48. ELEMENT DIFFERENTIAL PRESSURE Results of correlation calculations shown in
AT ZERO MINL.TES FOR VARIOUS COMPINA- Table S0 suggest that for these tests there was no sig-

TIONS OF FUEL BLEND AND ELEMENT nificart correlation between differential pressure, at zero
min and any of the element performance parameters.

r-udid~ I- iSmm mr P 1
""ad tW iaote, kt -1 Re , .onships Between Element Physical

0%% •f; ,AJ. .=-f2 si Parameters

Snr+ 4 Qk. 15 FI1' 3 1.r, 10_1:" It -eems reasonable to expect correlation he-
AF.A: 4 020 F - 1.13 0o1V 1 tween pairs of the e'rement physical parameters (elem nt
nw _l-6 0.03 weight, element differential pressure in pressure-check

r_- 15 11- 3 5 0.61.
Se 16 1 O.W F1 440 3 3-7 OL17 trough. and clement differential pressure at zero mrin).
sat 16 & 15 F1 2s6 3 4"7- I Regressioa and ccrrelation analyses wt.e performed onSs : Ioas na6 •5 4. [.5" these paramneters for groups of tests having the s'ame fuel

i •'" 6 .5 F1 44D 13 41-8 Mi0-., 0..S i I. (-4 r JP-5) and the same element lot: resultsohes

Sm-0.1i F1 516 3.0 .0- cakulations are summarized in Table 51. Correlation was.= a,." I, 015 8 -= 4 . ". 0 _-0 4
''• •e as • 4 4.• o,5 general_'y very poor. and..hence, regression corfficients
16 O.15 D . 01

0A•, 4 , Fi-4.04 "W 4_ 0 3 -. a equations are not presented. In the cases of element
' , 16 O- 1 .F. 5 3.096 I -eight .s differentia pressure in trough and differential
Aa-F.4 'it 6J15 F1440 1 3 3.93 -0.4'.pressure in trough ,differentlpressure at zero min.
.FA- '6 0-15i F 4 4. ,o33

.AA- ;6 0_;o5 Ta ••4 6o4" TABLE 49. ELEMENT DIFFERENTVAL PRESSURE

AT4 16 C 1 F1 440A 5 4OID o-03 OF VARIOUS ELEMENT LOTS W:EN TESTED
Toli a 01f F1- 4W 4 3-.48 p.43 WITHJP-4ORJP-5 FUEL
La, _V 101; F1440 4 V701(&44
Lab** X0 &15 F9 F465 7 24, 0_57 __________________

LOtWrl 0.15 I FIGS 4 4.75 -.6 Mean._Vatzeromin.
0 _" 0i5 F1 4 4.12 0.13 Element _ _--

Lub" 2 * 0.1i5 n 4 3.60 10.14 jientif ltio JP-4 1 TP-5

Law 0-15 j 8 4 j4_1% 0-361

" "V '0 * 0 F1 440 ;I 1 ;-2 10-72 262.340S R P 3 0 a.;5 F 1 4 6 ,5 13 ! 1 -8 4 ! 0 -.1 -*F , 2 3,20 015 F1440A 3 4.9-% 0-26 F144 -M 3.97

:D 1a 3• F144 14 -5 0.5 I ,• I 3 4.62 10 _5 ' F1 440A -- ' 4.46

. F 4 0.15 r-14- OA 4 4_62 10.41 F1465 1.93 i 18
013 5 F11 3 40- O86 ~ F1 516 - 7.80o

" 2-) 0. F1,465 3 3 2-10 0-.4 1Fi GS _ I 4.75

~Sfddi mJ i. Bw -4.38

z 7 4f ;-5 fed biw j=% 1bv - m l Fr - 4.18

*J? ".14 t&,"rz&a- v-ud 1-0niY ASAI
") -, .P-.• . • Fo7, r m
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TABLE 50. CORRELATION BETWEEN AP AT ZERO MIN

AND PERFORMANCE PARAMETERS

(All tests run according to Procedure 13-A unless otherwise noted)

JP-5 Fuel Blend*

AP at zero min vs
Element % Dirt at % Dirt atC'orr Conch. Element No. of Av8 AEL Max AEL ,wtin 2 4pl

inhib lb/Mbbi identification tet Ik wtgin 2g4 sif

Untvreated
Sni• 1l6 Fl 286 15 1-0.29 >0 -0.34 >10 -0.69 0.1-1 -0.58 2-5 --0.55 2-5
Sntt 16 FI440 9 -0.27 >10 -0.57 >10 -0.59 5-10 --0.56 >10 -0.60 5-10
AFA Fl 465 5 -0.41 >10 --0.76 >10 -0.32 >10 -0.01 >10 -0.63 >10kRP 20 FI 465 4 j -0.1 1 -0.14 >10 0.45 >10 0.63 >10 0.60 >10

(7y.rtreuted
"•[ 1-6 F1I465 5 -0.59 >10 -0.55 51-0 -10.04 >10 0.71 >10 -0.29 >10SnI lt Fr 4 -0.45 >10 -0.51 >10 0.41 >10 0.39 >10

Sni 1 l6 Bn 4 0.74 >10 0.82 >10 -0.49 >10 -0.94 5-10 -0.92 5-10
Snt l6 Bw 4 0.27 >10 0.25 >10 -0.65 >10 -0.69 >10 -0.70 >10
AFA 16 Fl 465 9 0.06 >10 0.27 >10 0.61 5-10 0.57 >10 0.60 5-10
AFA 16 Fr 4 -0.92 5-10 -0.89 >10 0.71 >10 0.98 3.2 0.98 2
AFA 16 Bn 4 -0.00 >>10 0.52 >10 0,07 >A0 0.12 >10 0.45 >10
AiA lb Bw 4 --0.87 >10 -0.12 >10 --0.18 >10 -0.34 >10 -0.44 >10
Lubr 20 F1 465 7 -0.08 >10 --0.47 >10 0.31 >10 0.28 >10 0.28 >10
Lubr 20 FIGS 4 -0.81 >10 -0.82 >10 0.81 >10 0.92 5-10 0.92 5-1.0
Lubr 20 Fr 4 -0.77 >10 -0.93 5-10 0.55 >10 -0.04 >10 -0.04 >10
Lubi 20 Br 4 0.82 >10 0.47 >10 -0.79 >10 -0.77 >10 -0.77 >10
LUbr 20 Ow 4 0.74 >10 0.73 >10 -0.01 >10 -0.55 >10 -0.55 >10
RP 20 Fl 465 9 0.44 >10 0.37 >10 -0.03 >X0 0.01 >10 -0.01 >10
nii" 16 F1 465 5 -0.53 >10 -0.34 >10 -o.C4 >10 0.72 >10 0.29 >10>

AP at zero miin vs
Corr Concn. Element No. of Avg solids Max solids Avg Totamitor I Max Totamitor
inhib It'iMbbl identification tests Signif r Signif i Signif, % , % [% r %

It 1treated
Sr1t+ lb Fl 286 i5 -0.19 >10 J -0.35 >10 -0.32 >10 0.64 0.1-1
Sn+ b FIl1440 0 -0.13 >10 --0.12 >10 ...-... 0.10 >10
AFAI 4 Fl 465 5 --0.6 0  >10 0.95 3-2 -0.70 >10 -0.68 >10
RP 20 Fl 465 4 0.59 >10 j 0.47 >10 -0.13 >10 0.13 >10

C7ay. trea.,,d
Snit 6 F1 465 5 0.61 >10 0.60 >10 0.57r >10 0.58 >10
Sil I t Fr 4 0.67 >10 0.41 >10 0.87 >10 0.84 >10
Sit lb Bn 4 0.95 5 0.87 >10 .. ... -0.82 >10
SnF 16 Bw 4 0.41 >30 0.43 >10 0.6- >10 0.71 >10
AA lb FI 465 4 0.24 >10 0.34 >10 0.42 >10 043 >10
• \FA I• Fr 4 0.20 >10 0.42 >10 0.74 >10 0.143 >10
,F\A lb Bn 4 0.01 >10 0.91 5-10 ...

Al\A 16 Bw 4 0.52 >10 0.53 .>10 0.92 5-!0 0.95 2.-5
ilhib 20 Fl 4b5 7 0.75 1-2 0.64 >10 0.67 >10 0.50 >10
I Ahr 20 FIGS 4 0.26 >10 0.18 >10 0.97 2-5 0.95 :ýs
I Lib 20 Fr 4 0.50 >10 0.72 >10 029 >10 0,93 J-.0

L INh 20 911 4 0.13 >10 U.02 >10 0.28 >10 047 >10
Il 20 13 4 0.82 '>10 1i0 >10 0129 >30
RI' 2(1 F1465 1) 0,34 >16, 045 >10 0.51 >10 05Z >130
Silt* 16 Fl 465 5 0.74 >10 0.83I 5.10 0.43 j >10 0.43 21

'Pi', I 15 I SIt unless other ise noted
1 Ir, v ure I I

t( on~tained (;)hy l i -•ISI
Pr,,. edurc 13-i.
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the number of positive and negative cor- TABLE 51. CORRELATION BETWEEN MEASURES 'OF
relation coefficients is about the same ELEMENT PHYSICAL VARIATIONS
and the coefficients are generally not
statistically significant. In the case of dif- Element weight AP in trough AP at zero min

ferential pressure at zero min vs elkment l No. of Vs Vs Vs

weight, there are ten negative correlation Fuel Element tests APn trough APatzeroSmin eleSentwei!t"r ] Slipif Signilf r Sip iff

coefficients out of a total of twelve. r r r
Although none of these coefficients is sig-
nificant, even at the 10% level, the pre- -41 Fl 286 16 ... ... ... ... -0.27 > rIf
ponderance of negative coefficients JP-4 FI465 8 . .. I >10

suggests that there is negative correlation FF1 465 4 --- 0.21 -o -JP,.5 ]Fl '86 21 0... ... 023 >10
between differential pressure at zero mrin Jr- Fl 428 6 ...- 0.43 >10

and element weight. However, negative JP-5 4 ; ... .. .. .... -0.03 >10

correlation is the opposite of what would Ji.5 F! A [49 . .0.09 >10

be expected. Logically, as element weight May-trevred JP-5
increases in a given element, type, the JP.s[ F1465 38 0.10 >10 0.19 >10 -0.12 . >10

amount of filtration media contained iP-5 Fl 516 5 0.53 5-10 0.90 25 0.31 lO0
JP-5 Fl GS 4 0.56 >10 0.77 >10 -0.56 >10

within the fixed element volume would JP-5 Fr 12 -0.24 >10 0.43 >10 -0.31 >10
increase, resulting in increased density JP.5 Bn 12 0.55 5.10 --0,38 >10 -0.06 >10

and hence increased differential pressure Je-5 Bw 12 -0.30 . >10 --0.12 >10 -0.13 >10

(this is assuming there are no significant
fluctuations in weights of end caps or
cores).

In the foregoing attempts to determine correlation between element physical parameters, the indicated
generally poor correlation may stem from the fact that, for a given set of conditions, the ,Ange of element physical
parameters is too small to have much effect on the other parameters. In order to ext ,nd the range of element
physical parameters. regression and correlation calculations were made on tests grouped according to procedure, fuel
type, corrosion inhibitor, corrosion inhibitor concentration, other additives and FSII concentration and including all
Filters Inc elements. This grouping of all Filters Inc lots may be justified since there were no apparent differences in
construction of the vanrus lots.

By lumping all Filters Inc elements together, relationships between element physical parameters. in tests
run with JP-5 fuel, were as follows:

No. of Correlation coefficient
data pairs Regression equation Value Signif, %

51 F1t = 0.012W 5.6 0.4t <0.1
209 Po - 0.010W 2.6 0.64 <0. I
46 P, - 1.17P, + 1.5 0.72 <0.1

where

Pi a differential pressure in trough, psi

Po, differential pressure ot 0 nun, psi

W a elenent weight, g

in all three ctsea, the correlation coefficients are positive and very highly significant. Thus, for this particular group of
elements. toial weight does hear a ditc, relation to flow resistance that is statistic;tdly significant despite various
perturbing fclunt. Such factor% might include vantatlons in end cap and core weight. variations in teWtnique of
element fabrication, anid variatioos in media ,;omposition or internal geometry.



9. Element Performance

In this sectnw -if the report, results of attempts to determine the difference it, the performance of the
war aus lots of elements will oe given. Wherever enough comparable tests (four or more) were run on different
lots of elements. the sigrnif .. o, the difference in means of the performance parameters for pairs of
element lots was determined by use of Student's t. i7cr convenience, the performaixce parameters are grouped
under four classifications as follows: water removal, solids removal, solids retention capacity, and Totamitor
readings.

Results of a series of tests involving three corrosion inhibitors and elements from four manufacturers F
will be used throughout this section for all comparisons between element lots. These tests were all run
according to Procedure 13-A using Jlay-treated JP-5 fuel containing 0.15% FHII. All tests, exccpt the 13earliest.t were run as follows: all tests with a given additive were run in a group, using the same 600 gal of fuel (plus

makeup after each test). Before each test. ftiel was clay treated and then blended to the desired concentrations of
corrosion inhibitor and FSII. Four elements of each manufacturer were tested with each fuel-additive blend. The
order of testing elements was preselected randomly.

Means and standard deviations of the average AEL rating for these tests are given in Table 52 along with the
level of significance of the differences in means for different manufacturer's elements. Statistically significant
differences between means of average AEL free water are indicated for several pairs of element manufacturers in the
tests involving either Santolene C or AFA-l. In the tests with Lubrizol. all elements had veiy similar performance.
The subject of additive effects will be taken up in a later section of the report.

Similar results for the other element performance paranr. Lcrs for the same groups of tests are presented in
Tables 53 to 60.

TABLE 52. COMPARISON OF AVERAGE AEL RATINGS FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

No. of Corr Concn.* Avg AEL Probability of greater
Element elements inho b ib/Mbbl rating difference in means. %

Mean SD FI465 Fr Bn Bw

Fl 465 5 Snt 16 15 24 --- 1-215 >50 >50
Fr 4 Snt 16 55 10 .. .. <0.I I
Bn 4 Snt 16 16 6 .--- .. 25-50
Bw 4 Snt 16 22 14 ..-.

FI 465 9 AFA 16 10 4 - 10-25 5-10 1-2.5
Fr 4 AFA 16 12 1 - -- 25-50 2.5-5
Bn 4 AFA 16 13 1 .. . . 2.5-5
Bw 4 AFA 16 45 25 .. ....

Fl 465 7 Lubr 20 40 :7 -- >50 >50 >50
Fr 4 Lubr 20 39 19 -.--. . >50 >50
Bn 4 Lubr 20 43 27 .. --- ... >50
Bw 4 Lubr 20 45 20 ... .... --- -

*Blended with clay-treated JP-i + 0 15/ FSII and tested accordinig to proc.edure 3 -A.

t lhese early tests were performed xwith F1 465 elements. with fuel containing 16 lb/Mbbl Santolene C (5 rests), 16 ib/Mbbi AFA-1
(5 tests). and 20 Ib/Mbbl Lubrizel 541 (3 tests). Test procedure was identical to th.at used in the later tests except fo.r lack of rigid
contiol over test sequence and fuel changes.
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TABLE 53. COMPARISON OF MAXIMUM AEL RATII'rS FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

No. of Corr Concn,* Max AEL Probability of greater
Elem elements inhib b/Mbbl rati! & difference in means, %

Mean SD F1465 Fr Bn Bw

FI 465 5 Snt 16 27 41 - 0.541 >50 >50
Fr 4 Snt 16 100 0 .. .. 2.5-5 2.5
Bn 4 Snt 16 41 40 .... 1-2.5
aw 4 Snt 16 42 39 .. ..

Fl 465 9 AFA 16 19 5 - >50 25-50 <0. I
Fr 4 AFA 16 12 1 - -- 25-50 0.1-0.5
Bn 4 AFA 16 22 6 .- - 1-0.5
Bw 4 AFA 16 88 25 -. ...

F1465 7 Lubr 20 88 31 - >50 >50 >50
Fr 4 Lubr 20 80 40 - - >50 >50
Bn 4 Lubr 20 82- - >50
Bw 4 Lubr )0 80 40

Blended with clay-treated JP-5 + 0.15% FSII and tested according to procedure 13-A.

TABLE 54. COMPARISON OF AVERAGE SOLIDS CONTENT
FOR ELEMENTS OF DIFFERENT MANUFACTURERS

No. of Corr Cofncn.* Avg solids Probability of greater

Element elements inhb lb/Mbb1 [conten, mg difference in means, %
Meaw. SD Fl 465 _Fr Bn Bw

Fl 465 5 Snt 16 0.59 1.20 -- 25-50 25-50 25-50
Fr 4 Snt 16 0.08 0.04 - - >50 >50
Bn 4 Snt 16 0.09 0.05 >5.0. j>50
Bw 4 1 Snt 16 0.10 0.05 . . .. .[I
F1 465 9 AFA 16 010 0.04 -- 5 >50 >50
Fr 4 AFA 16 0.14 0.03 - .. .. 25-50
Bn 4 AFA 16 0.09 0.01 . ... .. 25-50
Bw 4 AFA 16 0.12 0.06 . ... ... .

Fl 465 7 Lubr 20 0.68 0.34 --- >50 25-50 >50
Fr 4 Lubr 20 0.76 0.20 ---.. . >50 >50
Bn 4 Lubr 20 1.04 0.79 .- -.. -. 25-50
Bw 4 Lubr 20 0.56 0.68 --- ... ... ...

*Blended with clay-treated .1-5 + O.15% FSII and tested according to procedure 13-A.
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TABLE 55. COMPARISON OF MAXIMUM SOLIDS CONTENTS
FOR ELEMENTS OF DIFFERENT MANUFACTURERS

Eleent No.of orrCohn,* max solios Probebility of greater
Eleen N. f CrrCocn* cont~ent, rmg differenc in means.
elements inhib ib/MbbI e D F45 r .. n B_ i ~ ?c Mc n Sl'D FR465 r h aw

Fi 465 9 Snt 16 2.20 4.68 F-- 25-50 25.50 25-50
Fr 4 Snt 16 0.12 0.04 -- - >50 25-50
Bn 4 Snt 16 0.16 0,2 - ... >50
Bw 4 Snt 16 0.20 0.12 . .. ... ..

FI 465 9 AFA 16 0.20 0.12 -- 25-50 >.50 >5'0
Fr 4 AFA 16 0.26 0.08 -- - 10-25 10>25
B r 4 ! AFA 16 0.18 0.04 . . . >50
Bw 4 AFA 16 0.18 0.07 ... .. ..

FI 465 7 Lubr 20 1.03 0.46 -- 10-25 25-50 >50
Fr 4 Lubr 20 0.88 0.62 - - >50 >50
Bn 4 Labr 20 1.40 0.27 . . ... >50
Bw 4 Lubr 20 2.28 0.25 - - -

* Blended with day-treated JP-5 + 0.15% FS51 and tested according to procedure i3-A.

TABLE 56. COMPARISON OF ELEMENT WEIGHT GAIN FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

No. of Corr Concn,' Element Probability of greater difference
Elerncnt elements inhib C bCMbb nn wt gain in means, %

eleme nts 16b Mean SD F1465 Fr Bn Bw

F1 465 5 Snt 16 202 16 -- 10-25 10-25 0.45
Fr 1 4 Snt 16 189 10 -- 5-10 I >50
Bn 4 Snt 16 239 42 - - ... 10-25

Bw 4 Snt 16 196 26 -.. .

Fl 465 9 AFA 16 240 50 ... 0.1-0.5 10-25 25-50

Fr 4 AFA 16 170 9 --- 0.1-0.5 0.1-0.5

Bn 4 AFA 16 209 14 --- ... ... 25-50

Bw 4 AFA 16 222 20 --- ... - -

Fl 465 7 Lubr 20 170 34 -.. 0,1-1.0 10-25 5-10

Fr 4 Lubr 20 118 13 ... 5-10 5-10

Bn 4 Lubr 20 143 19 --- ... 25-50

Bw 4 Lubr 20 178 49

*Blended with, A , O.15% F511 and tested according to procsdure 13-A.
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TABLE 57. COMPARISON OF % DIRT LOAD AT 20 PSI FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

t Dirt load Probability of greater difference
ElemeNnt at 20 i, % in mems, 01

elementsInhib lb/Mbbl Mean $1D FI 465 Fr Bn Bw

Fi 465 5 Sat 16 91 10 . 25-50 0.5-1 25-50
Fr 4 Sat 16 99 12 --- -. 2.5.5 0.1-0.5
Bn 4 Sat 16 130 20 ... ... 2.5-5
ow 4 Sat 16 99 15 .. ... ... -

F1465 9 AFA 16 115 25 - 0.5-1 10-25 50
Fr 4 AFA 16 86 5 - - 1-25 0.5-0.1
Bn 4 AFA 16 101 66 . .. .. I0
Bw 4 AFA 16 111 81 -. .. .. ..

F!465 7 Lubr 20 88 16 1-- -2.5 2.5 25-50
Fr 4 Lubr 20 70 3 9 -. 50 0.5-1

4 Lubr 20 66 11 - - 1-2.5
Bw 4 La br 20 98 14k[ . ...

Bklended with day-treated JP-5 + 0.15% FSII mad tested cmdng to pwocedme 13-A.

TABLE 58. COMPARISON OF % DIRT LOAD AT 40 PSI FOR
ELEMENWS OF DIFFERENT MANUFACTURERS

N Dirt oIad Probability of greater dfifference
Element No. of Corr Comm,* at 40 osi, % in ýneans, %

elements inhib lb/Mbbl e [ re -r, • ]

Fi 465 5 Sat 16 108 24 -- 2 5-50 2.5-5 50
Fr 4 Sat 16 102 14 -.. . 2 5-5 50
Bn 4 Sos 16 134 21 . . .. 5.10
Bw 4 Snt 16 106 16 .

F! 465 9 AFA 16 120 24 - 0.5-I 10-2 .50
Fr 4 AFA 16 13 7 -
Bn 4 AFA 16 106 6 .0
Bw 4 A.FA 16 !13 7 -... ... ... ..

F1 465 7 Luhr 210 88 16 1-2.5 2. 5(
Fr 4 Lubr 20 70 3 - so 50 O.
In 4 Lubr 20 66.. ... 1i.
Bw 4 Lubr 20 44 14..... ..

...-. w t .... .- - + - -..... ..... - -. ...
ittcndgd wi~th dla-tmawtd IP-S + O. !S• IF$11 e te~d act urin W I| tA,1
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TABLE 59. COMPARISON OF AVERAGE TOTAMITFOR RATINGS
FOR ELEMENTS OF DIFFERENT MANUFACTURERS

N- .of Co on .'^ ;tL b yf
Element 01mnsit' b~b tipdifferewe in merei, %

elements minhb lb/MbbI d
Mean SD F!465 Fr BS Bw

F1465 5 Sat 16 6 13 - >50 25-50 >50
Fr 4 Sat 16 4 5 - - 10-25 )5-50
Ba 4 Sat 16 0 0 - 10-25
Bw 4 Snt 16 2 2 - .. . .. -

F! 465 9 AFA 16 0 0 - 2.5-5 25-50 5-10
Fr 4 AFA 16 1 0 - - 2.5 10-25
Bn 4 AFA 16 0 0 - - -- 5-10
Bw 4 AFA 16 4 3 - - - -

FP 465 7 Lubr 20 4 4 - 0.1-0.5 0.5-1 1-2.5
Fi 4 1Ljbr 20 19 6 - - >50 >50
Bn 4 iubr 20 21 8 - - - >50
Bw __ 4 Lubr 20 18 9 - - -

flhended with day-teat,,d JP-5 + 0.15% FSAI mod ,ted accrding to prwdute 13-A.

TABLE 60. COMPARISON OF MAXIMUM TOTAMfrOR RATINGS
FOR ELEMENTS OF DIFFERENT MANUFACTURERS

No. o Max Tot Probability of preatar
Element .o r cbdiffebbce in meas, %elements "ahb Ib/Mbb -- am t 1i1 F n g

Maau S F 465 Fr a hI Dw

F 465 5 Sat 16 20 44 - >50 25-50 >50
Fr 4 Sat 16 20 28 - - 10-25 >50
an 4 Sat 16 1 0 - - - 1-2.5
Bw 4 Sat 16 12 7 - - -. -.

F1 465 9 AFA 16 1 I - 5$10 0.5-1 5-10
Ft 4 AFA 16 2 1 -- - >50 10-25
an 4 AFA 16 2 1 .. . .. 10.25
bw 4 AFA 16 17 16 .. . .-..

F146%5 7 Lab( 2) 26 "A <0.1A0.-5 <0.1
4 LaIW 20 95 a - >5i) Z5-50

Sh 4 IA- -0 0 2
-* 2%0$

SO& st* M" '084 1$-1 W5U W %W" "*Wj I* $*M.#A,
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In order to provide information about the TABLE 61. RANK OF ELEMENTS FOR
overall performance of the different elements, VARIOUS PERFORMANCE PARAMETERS
Table 61 was prepared. This table gives the rank
(1, 2, 3, 4 in order of decreasing performance)
for each element for the various performance Parameter C,'-r Element identification
parameters. inhib Fl 465 Fr Bn Bw

For these particular groups of tests' an Avg AEL, mg/j Snt 1 4 2 3
overall rank of the elemerts in order of de- Al- A 1 2 3 4
creasing effectiveness is as follows: Lubr 2 1 3 4

Max AEL, rag! Snt I 4 2 3
(1) FI465 AFA 2 1 3 4

Lubr 3 I 2 1
(2) Bendix Avg 3olids, mg/k Sit 4 I 3

AFA 2 4 1 3
(3) Bowser Lubr 2 3 4 1

Max solids, mg/k Snt 4 2 3
(4) Frarn AFA 2 3 1 1

Lubr 2 1 3 4
It should be emphasized that in the case of Element wt gain, 2 Snt 2 4 1 3
several parameters, the differences it. means for AFA 1 4 3 2
the various elements are not stitistically signifi- Lubr 2 4 3 1
can't. Also, the overall rank is an unweighted Dirt load at 29 psi, %, Snt 3 2 1 2
aver;ge without any real statistical significance. AFA 1 4 3 2
Dence, the overall ranking can be regarded only Lubr 2 3 4 I
as indicative of general performance in this Dirt load at 40 psi. 7- Smt 2 4 1 3
particular test program. AFA 1 4 3 2

Lubr 2 3 4 1
Four tests, similar to those run in 'he test Avg Totamitor Snt 4 3 1 2

series dealt with above, werr rin uning JP-; + AFA I 1 1 3
20 lb/Mbbl Lubr + 0.15% FSI! and Filterf Inc Lubr 1 3 4 2
elements from government supply. Resultý of Max Totamflivir Snt 3 3 1 2
these four tests are given in Table (-2 aloig wth AFA 1 2 2 3
results of seven -imilar tests in which Filters Inc Lubr I 3 2 4
Lot 465 elemems were used. Comparison of
results from these two groups of tests shows Ave-rage rank 2.0 2.7 2.3 2.5

exhibited slightly better mean performance

parameters in every case. In mom.t cases, how- COW"nawn:- 16 lb,,:bW Sa, 16 IbNba .,. 20 ...... Ib/"bbI

ever, the differences are not statistically signmf- I. uhr, (71my-tnuted JP " lwl'w Wcd all catam•a d 01 5 I V'I

cant. in only one case, that of element weight
gain. is the difference in neAns signitfcant at
better !han the 5q level The choice !It Lubbtzol 541 as 1we fuel crtm mibittm plpled all of tthew toets
well into the "tfadure" zone, so the results aic not necessarily m&d ,,tivr o| wtamtits elenici-t performunce undeo Iess
severe conditions.

Also amongth tht ckmnrcts that ,•er tnetd m thist pAow" *--€ wmn idctitifw' by the mianuh.rthurs as swct-cm

elements capable of ten.ni-mgt red in. og• ,k, r ft K-9~, from inWhbtted fW6l i hrec )wwt "'sd thtee
BWndPt elements of 'his type were tetsed in thr A-VS. kIolp accor•da to a mcidtf•d K901,11 mh*av4 fwl
telt prtoedure in whi-h the silhd fmtlammat was Oftter o t0 d arW n i t"" OU& untllrd ot 4(- dust

Tin 1I C[rh ni w I Kt*1 I IA ued O .0saat .Wm



TABLE 62. COMPARISON OF PERFORMANCE OF The modified 8901-B inhibited-fuel
FILTERS INC LOT 465 ELEMENTS WITH tests consisted of flowing fuel through the

FILTERS INC ELEMENTS FROM test filter-separator at 20 Rpm, injecting
GOVERNMENT SUPPLY water at 0.2 gpm throughout the test, and

injecting solid contaminant (in thi cane rA
iron oxide) at a rate of 2.86 g/rain, starting

Performance FR. 4 6 5t FI GS[ Signif tt 60 min into the test and owtinuing until
parameter* MWean SD Mean 3;D level, % the end of the test (either at 4017,1i differen-

-.--. ftial pressure or at 130 mir- of testing). Two
Avg AEL, mg/2 40 17 28 13 10-25 tests were run on each manuftcturer's ele-
MaxAELmg/k 88 31 52 33 10-25 mints usingJF-5 fuelcontaining0.lISFSH
Avg solids, meg/ 0.68 0.34 0.40 0.28 10-25 and 10 Ib/Mbbl AFA-! conision inhibitor.
Max solids, mg/f 1.03 0.46 0.88 0.62 >50 One test was mm on each manufacturer's dei
Element wt gain, g 170 34 208 19 2.5-5 ment using JP-S fuel without coi-son
Dirt load at 20 psi, ¶• I 88 16 105 10 5-10 ini•ibitor. Li all testi invclving corsic'.

D~rt load at 40 psi, % 88 16 105 10 5-10 inhibitor, the elements exhibited very
Avg Totamito: 4 4 1 2 10-25 unsatisfactory peformance. Effluent fuel
Max Totamitor 26 28 13 13 25-50 was highly contamirnted: maxiutmn Totami-

tor readings ranged from 53 to 100. verage
"MAI tests run accordint to Procdure 13-A usng clay-treated JP-S '+20 solids contents ranged f•onx 1.23 t- 10.03
Il/MbN Lubt + 0.15% FSIT. r,,9- maxii.um, solids contents ranged fromInthseenvbteue ess.estomsceo
:Fourta. 2,46 to 17.5" mg/9. and maximn frees water contents rango from 1 to 20+ m/f-.

in these •nlibited-fuel tests. p.-rforiwc of

both •ianfacturer's elements was unsatisfactory. but the booser elements were appreciably better in filtration
efficiency. giving average effluent solids contents of 2.62 and 1.23 mg/f in compaiison with O1W)3 zand 9.60 mg/i for
the Bendix elements. It may be noted that even the "better" efficiency of the Bowser elements was poor in teams of
normal performance standards. This difference in filtration efficien.-.y may be related to the differences in phuming
behavior of the two manufacturers' elements. Bowser e!ements plugged rapidly, the pressure drop exceeding 40 psi
at 86 and 87 rmin. in comparison with pressure drops of oidy 8.4 and 8.5 psi in 130-min teats with the Bendix
elements. With regard to effluent Totamnitor readings and free water contents, there was no appreciable differeac
between Bowser and Bendix elements.

10. Additive Eviect'

a. Fuel Quality Parameters

The effects of various additives. FSiI, and cotrosion inhibitors on WSIM and IFT values were studsIe alng
pre-test measurements on loop-test fuel. Only a few tests vere performed on fresh JP-4.'fhe gruat maority of tests were
performed on JP-5 which contained 0.15% FSIl. Generally, corrosion inhibitors were lested only at mbini mum effective
and maximum allowable concentrations* in fresh JP-5, and only at maximinn ailowabe o:ncentrations in clay-treated
JP-5.

1. Fffect of FSH

The relative effect of 0. 15% FSII in fresh JP-4, fresh JP-5. and clay-treated JP-i s shown below:

Fuel No. of tests Mean WSIM Mean IFT

JP-4 2 1o0 40.5
JP-ý + 0.15%•FSIi 3 93.7 40.0
JP-3 1 92.0- - 40.0
JP-5 + 0.15% FSII 6 87.0 43.8
!P-5 (CTt) 2 97.5 47.5
JP-5 (CTf) + 0.15% FSII 2 94.0 45.0

'As Set forth in QPL-2S017-7. NaSul EDS, a formealy qualified corrosion inhibitor, was also tested.
tCT = clay-ureated.
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In !y.iciple, it houb d be possible t c.,.enuation plots to theczicaW micelle concentration of
sea a,-acdye substc•ncs. •mnufficient data are available to jude whether such reltfo ips exkt for WSIM or IFT.

WISJ and IFT decreaies for each inhibitor at the maximum concentration tested are expressed as

WSIM. IFT

Sint 18.3% stit 20.3%

AFA 30.0% RP 38.1%
Lobr 5) 4% Lubr 40.0%
RP 51.4% Tel 42.5%
Uni 64.0% Uni 45.9%
Tol 65.5% AFA 46.8%

Tlis display shows that WSIM and IFT do not decrease at equivalent rates for every corrosion
iinhbitor and !hat certain inhibitots affect one parameter to a far greater dcgree than the other.

b. Element Performance Parameters

The measures of element performance that are considered in the following paragraphs are (1) element
weight gain, (2) percent dirt load at 20 and 40 psi, (3) average and maximum AEL ratings, (4) average and maximum
solids contents, and (5) average and maximum Totamitor ratings.

(1) Effect of FSII TABLE 64. EFFECT OF FSII. IN FRESH FUEL ON DIFFERENT
FILTER-SEPARATOR PERFORMANCE PARAMETERS*

The reffect of
FS i (ii. both JP-4 and JP-5) on ele- Mean values of performance parameters for different concn of 1'SI5

;.nent performance parameters is
Fresented in Table 64. The only Fresh JP-4 Fresh JP-5
group of tesis from which any com- Parameters 0% FSII 0.15% FSII 0% FSII 10.15% FSII
pziable data could be extracted (2 tests) (3 tests) (1 test) (3 tests)
were those which had all test condi- ...
tions the same except FSII content Element wt gain, g 642 540 418 317
of the respective fuels. The only % dii't at 20 psi 346 308 186 151
groups of tests which met these % dirt at 40 psi 390 347 209 152
conditions were those which were Avg AEL rating 2 2 2 0
pertormed according to Procedure Max AEL rating 7 4 3 0
10 with Filters Inc elements from Avg solids, mgji 0.10 0.02 0.08 0.02
Lot 286. As can be seen from Table Max solids, mg/2 0.26 0.04 0.21 0.02
64 for both J.P-4 and JP-5, the only Avg Tot rating 0 0 0 3
parameters which were adversely Max Tot rating 0 1 0 0
affected by the presenc, of FSII in _-
the fuel were those concerned with *All tests were performed according to Procedure 10 using l- 286 elements.

the solids retention capacity of the I
element-element weight gain, per-
cent dirt load at 20 psi, and percent dirt load at 40 psi. All other performance parameters are measures of effluent
fuel quality, these were either unaffected or impioved by the presence of FSII. However, improvement of the
parameters may bL fortuitous due to the extreme variability of these parameters and the limited numter of tests.

(2) Effect of Corrosion Inhibitors

In JP-4 fuel, effects on performance parameters could be determined for only one inhibitor.
Santolene C. The results of tests run on ihree different concentrations of this inhibitor in JP-4 -4 0.1514 FS11 are
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TABLE 65. EFFECT OF SANTCLENE C CONCENTRATION shown in Table 65. In general, increasing
IN JP-4 ON DIFFERENT FILTER-SEPARATOR the concentration of Santolene C affected

PERFORMANCE PARAMETERS" adversely every measure of element per.
formance except Totamitoi ratings, and,

Mean values of performance parameters for different concn of Snt as was the case for FSII, this phenome.
•-- __non was particularly evident in element

S0 lb/Mbbl 4 lb/Mbbl 16 lb/Mbbl parameters relating to solids retention
Parameter (3 tests) (3 tests) (2 tests) capacity.

Element wt gain, g 540 394 285 When considering the
% dirt at 20 psi 308 188 113 relative effect of corrosion inhibitors on
% 'iirt at 40 psi 247 225 138 JP-5, the conditions under which every
Avg AEL rating 2 2 6 qualified inhibitort was tested were as
Max AEL rating 4 5 6 follows: clay-treated fuel +0.15% FSII,
Avg solids, mg12 0.02 0.05 0.04 Procedure 13-A, and Filters Inc elements
Max solids, mg/R 0.04 0.08 0.06 from Lot 465. Table 66 shows the mean
Avg Tot rating 0 0 0 values of every parameter for each corro-
Max Tot rating 1 0 0 sion inhibitor as well as the relative rank

of each inhebito; with respect to any

*All ttsts were perforned according to Procedure 10, using Fl 286 givens parameter.
elements and JP-4 + 0.15% FSII. TThe tabulated results

strongly suggest that th*ere is considerable
difference in the effects of the various

inhibitors on filter-separator performance. The inhibitois are aranged in order, from left to right, of overall
increasing deleterious effect on filter-separator performance. Becoise of the small number of tests on three of the
corrosion inhibitors and the fact that all of the data were obtained from tests with one manufacturer's
filter-separator elements, it is not possible to conclude that the relative ranking will be generally true.

TABLE 66. RELATIVE EFFECT OF CORROSION INHIBITORS ON DIFFERENT
FILTER-SEPARATOR PERFCRMANCE PARAMETERS*

AFA RP Thl Snt Uni Lubr

Parameters 16 lb/Mbbl 20 lb/Mbbl I 2C lb/Mbbl 16 lb/Mbbl 20 lb/Mbbl 20 lb/Mbbl
(9 tests) (9 tests) (2 tests) (5 tests) (3 tests) (7 tests)

Mean Rank Mean [Rank Mean Rank Mean Rank Mean Rank Mean Rank

Elemu.nt wt gain, g 240 i 239 2 126 6 202 3 176 4 170 5
% Dirt at 20 psi . 115 2 116 1 66 6 91 3 86 5 88 4
% Dirt at 40 psi 120 2 121 I 66 6 108 3 87 5 88 4
Avg AEL rating 10 i 21 4 13 2 15 3 26 5 40 6
Max AEL.;ating 19 I 45 5 25 2 27 3 41 4 88 6
Avg solids, mg/Q j 0.10 1 0.17 4 0.16 3 0.59 5 0.15 2 0.68 6
Max solids, mg/V 0.20 I 0.32 4 0.23 3 2.20 6 0.22 2 J1.03 "
Avg Tot rat•ng 0 1 2 12 2 2 1 6 4 6 4 4 3 3
Max Toating I 1 3 6 2 1 20 4 29 6 26 5

. £ . .L..... -- -

'All its weft performntd atcding to Prctedure 13.A usinS Fl 465 elements and clay-trsted JP-. * 0.35% FSII. E•ach coioion
inhibitor vY % tvcicJ at maxtium allowahle cunintnutlon italed in QPL-25017-7

tAccordinq to QPL-25017-7.
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11. Relationships Between Element Prfornunce Parameters

Tho relationships whizh exist between different element performance parameters were investigated by
means of correlation and regression analysis, and results of these investigations are reported in this section.
Among the element performance parameters that are compamed, are clement dirt load at 20 and 40 psi, as
well as the following measures of effluent fuel quality: average and maximum AEL rating:, average and
maximum solids content; average and maximum Totamitor reading.

Considering those tests which had the same combinations of fuel, additives, element, and procedure, ten
correlation calculations were performed as follows:

(1) average AEL rating vs average solids content

(2) average AEL rating vs average Totamitor reading

(3) average solids content vs % dirt load at 20 psi

(4) average solids content vs % dirt load at 40 psi

(5) average solids content vs average Totamitor realing

(6) average Totamitor reading vs % dirt load at 20 psi

(7) average Totarnitor reading vs % dirt load at 40 psi

(8) maximum AEL rating vs maximum solids c- t.nt

(9) maximum soli Is content vs maximum Totamitor reading

(10) maximum Totamitor reading vs maximum AEL rating.

With these giouping conditions applied, only calculations number 2, 6, ", and 10 ic•slted in any
noticeable trend of correlation. Table 67, which shows results of correlation caiculationý for average AEL
rating and average Totamitor reading, indicates that positive correlation exists. Most of the correlation coeffi-
cients are high and statistically significant; they are also all positive. These rc-,dts indicate that, for every
combination of conditions on which these calculations were performed, the Tot;ýmitor reading vwried directly
wi!h the AEL ratings. A look at the regression tquations, also shown in Table 67, indicates that al! of the
regression coefficients lie in the range of 0.1 to 0.5.

Results of efforts tc correlate average solids content with average Totamitor reading for the same com-
binations were not as productive of consistent results. Out of eleven correlation coefficie-.ts obtained, five are
positive and six negative. It cannot, however, be concluded from these results that the average Totamitor
reading is not influenced by the average solids content. In fact, the contrary is true, as will be shown in the
foilowing paragriphs. It can be concluded t;iat the effect of solids on Totamitor reading is subject to a great
deal more scatter than that of free water. The effect of solids is far less precise than the effect of waler on
Totamitor reading.

C "-'elation coefficients for maximum Totitmitor reading vs maximum AEL rating were generally positive,
but geferally nut statistically siriflcunt. Results (shown in Table 68) indicate that for most combinations
tried (13 out of 17) the maximum Totaritor reading varied directly with the maximum AEL rating. Because
of ihe Ves variability of results, the regression equations are not presented. Maximum solids content vs
maximum Totamitor reading calculations prowd even less consisternt with nine correlation coefficients being
poittive and nine being negptive. These facts merely support tne conclusion that free water has a more precise
and repr•oucible effect on Totamitof readings than does .olids content.
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TABLE 67. CORRELATION BETWEEN AVERAGE AEL AND
AVERAGE TOTAMITOR RATINGS

JPL5 Fjgi-f 5frm.*

[~ -,. -.~ Iou coamom
W& I 1eqmU Sc~fu WoIUe t pgbgL%j

S-Wn s 1 ! 0. 15 IAF IsW T.0.IA-0.0 0.9 <k-
sntt 1e6 (113 F1440 9 - -
APFA I41 0.16 536 TS T-03A+0 0251-
RP 1201 OAS 4 P36

*sF 16I -T T -I3 T 03A - 1.7 9-
Snt 16 0015 Ft 4 T-~04A - 16.6 010m~
San 36 0.15 on 4 - -

Snt 16 (1.15 3w 4 T-1A - 1b C.89 2.5
AFA 16 0.35 P346S 9 -- -

AFA 36 0.35 1Fr 4 --

AFA 36 0.15 Bn3 4 --

AFA 36 0.35 1 D 4 T -0.1A - 2. 0.94 1 1-2

2uc -0 0.15 F1 CS 4 'T=3A - 1-2 0,3 .

R 0 0.35 P1659 -TOA -3. 0.96 0-1

'nt 1 0.35 1 465 _

Tus~da ou~mg to pw oie1- w b aodu gol

IPhucedwe 134-IJ-

TABLE 68. CORRELATION BETWEEN M-AXIMUM TOTAMMTR

READINGS AND MAXIMUM AEL RATINGS

JP-S Fud Biend*

C. Inii cceffmi. Ian IE

Snt 16 01031SF P236 5 0-69 0-1-1

AFAI 4 0-101 F1 6 0.66 >30
RP 20 0-5 n465 4 0-99 0.

C&-iqraed__ _ _ _ _

3n 6 0.15 F 1 j p465 T 5 0.99 <03 I
Snt 16 o.;5 I Ft 4 - ~ -Snt 36 0.15 BA A -0.099 0-.1.

Sot 16 0.35 w 4 -9 5410
AFA 16 0.35 P3 465 9 -a >0
AFA 16 OA F 0.43' >10

AFA 16 01 Bet 4 -09S 5-10
AFA 36 0.35 3w 4 0.41 >10

Lube 20 0.35 PI GS 4 0.94 J 32I

Lubr 20 0.315 Ft 4, 0.01 >10
LUbe 20 0315 BI 4 001 >30
Lubt 20 0.35 ow 4 1 - - I.~RP 20 0.15 F1 465 9 07'

1 ar; 3 0.15 F1 40 aS

*Teited a prda o tocdux 33-A u21.u 0.iawmt ,lkjl
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ArWu Toait(Or edins, when compared with percent airt 1d at 20 and 40 psi, were found to dease at
percent dn load increned for 12 out of 16 owzbiations. This effect can posibly be interpreted oi follows. As the
ekmrant encounters m sorlid contaminant, its efficiency in removing solids may be imiprov-d due to in effective
reduction in pore sie by the buildup of a cake of solids withtn the media. This effect is, however. s-If4-imiting, and
rupture of the element is bound to occur if tLe amount of solids becomes sufficient to seterely restrict f. flow throto
the ekment. This effect does not ucwarily have to impar the water-removinge.eiciet-cy of the element. It i4 plausible
that t'e effect of dirt loading on element perfortace as represented by Totamitor readins nay not be the same for
differe-". mrrjfa mau,1r's elements. However, no detectable difference in the behavior of different ekrmmts with respect
to this corelation could be observcd. The results of thtse correlation calculaticns are prestmtfd i- Table 69.

Reults of similar atttmp•s to correlate average solids conten! with percent dirt at 20 and 40 psi are shown below.

Parameters compvred Correlation coeffiacots

Avg solids vs % dirt (20pS) 10 pos, 9 neg
Ave wM vs % dirt (40 psi) I Ipos, 8 neg

TABLE 69. CORRELATION BETWEEN AVERAGE TOTAMITOR READING AND
% NRT LOAD AT 20 A•ND 40 PSI

J.P- Fuel Blend*

I-i 1 Average Totamitor reading

Cor n " vs % dirt Cs S dirt

t load at 20 ps Io,,d at 40 psi

____ ______ % coef I level.

Untewted _ _ _ _ __ _ _ _
Sniff 16 0.15 I P1-86 115 0-00?f>10 5.C >10
Sntj 161 .15 F1 440 9 I - - - -

AFA 4 0.10 F1 465 I 5 1-0.1 >10 0.!o,9' >13
RP V; 0-15 R 465 4 -0-74 >10 -03818 >10

Cay-rreid
ISt 16 0.15 FF1 465 5 f-0.41 J >10 |-0.54 >10

ISnt 16 0.15 I Fr J 4 1-0.01 >10 -0. 11~ >10
Snt 16 0.15 Bn 4 - . -.

Snt 16 0.15 BW 4 -0-.91 2-5 -0.88 5
AFA 16 0.15 P1465 9 -0.06 >10 -0.10 >10
AFA 1. 0.15 Fr 4 - 0.68 >1l0 -0-71 >10
AFA 16 0.15 Bo 4 -j - -
AFA 16 0.15 Bw 4 0.14 >10 0.29 >10
Lubr 20 0.15 FI 465 7 -0.1 i >10 -0.11 >i0
Lubr 20 0.15 F1 GS 4 -0.98 0.1-1 -0.98 0.1-1
Lubr 20 0.15 Fr 4 0.04 >10 3.04 >10
-tibr 20 0.15 Bn 4 -0.54 >10 -4.54 >10
Lubr 20 0.15 Bw 4 -0.51 >10 --0.51 >10
RP 20 0.15 FI 465 9 0.33 >10 0.30 >10.
S.'1+ 16 0.15 Fl 465 5 -0.29 >10 -0-35 >10

*Tested a--ording to procedar.- 13-A czkIess otherwise noted.
I Procedure 10.
*Procedure 13-J
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ror all bt two combiutions, the coetwdents w n not Wtis•canly sipificait; it the two Mes fo& wich the
coefientu were smfis t they were of diffeqt sign.

A know.lcpe of whctu coieoce and ftration fsbrm Senteray occur similtaneusty wfs th•.%*t to be
useful in ratirg element pedfonmwte.

Efforts !o correlate AEL ratins with solids contents, either for the average or the maximum, pvc no
concoinve resun'fs for the combinations tred- Below as a summnmy of results cbtained:

Paramejrs compared Correlation coefficients

AMv AEL " ag solids 13 pos,6neg t

Max AELvsanwx solids 13 pos, 5 neg

In these comparisons, moe correlations were not statistically significant. Of those tha. were statistically significant,
soae were positive and some neoative coefficients. Therefore. it is impossible to determine condusvely whether
coalescence and filtration failures tend to occur simultaneously on the basis of the test conditions used.

All of the results dikcussed in the pre-
TABLE 70. CORRELATION BETWEEN AVERAGE ceding paragraphs were obtained from all

AEL RATING AND AVERAGE groups of four or more tests which had the
SOUDS CONTENT same combinations of fuel, zdditives, element,

and procedure; therefore, in most cases, the
results are derived from a wmall number of tests.

l - _ _ - o- of Because of the inherent variability of the mea-
C ,r O r f aEient t eiciet surements being considered, true relationships

nw1M R 286 9 037 >10 when only a few .a-nple-t-sts are investigated-

none PtL F1440A 5 0.77 5-10 In an effort to increase the number of tests for
none PWC Fl 440A 8 093 <0.1I a gven comparison, certain conditions for
none NA-I F1 46's 4 -0-26 >10 grouping were relaxed; this resulted in Lhe fol-
int sane I -286 22 0.01 >10 loving findings.

P on 1 440 13 0.88 .0-1
Snt rope F1465 12 0.97 <0.1 By consider;.ng those groups of tesi;u

Sat noe FI516 5 070 >10 wwhich had only the same combinations ofzddi-
Smt none Fr 4 -025 >10
Sx none n 4 0.88 5-0ves and elements (without rv-tricting tesI pro-

Set none BW 4 0.17 >10 cedurc), the general trend of correlation be-
Sot none Fl 440A 10 0.73 1 tween average AEL rating and average soiid;
AFA none F1 440 13 -0.46 10 content is not substantially improved. Table 70, i
AFA none 9 465 18 0.23 >10 which presents the results of corelation cal-

AFA none Fr 4 0.35 >10 culations on these groups, shows that nine of
AFA no.:e on 4 0.00 >A( thirty-one coefficients are n-.gative. Considering
AFA none W 04 -1.2 >10 cnly those which are statistically signific-nt

TOl none Fl 440A 027 >10 (5% probability of a greater correlation ceeffi-

Lubr r.one Fl 44C 4 -0.85 5-10 cient occurring by chance). there are six posi-
Lubr none F1 465 7 0.04 >10 tij e coefficients and only one negative. Tillis
tubr none H GS 4 03L >10 suggests 1h2t in most cases there is a trend

LrJI'T Fr 4 --0.93 2 toward simultfanrcs oalescence and filtration .
tubs noae Bn 4 -0.06 >10 failure: however, no pat!era of better or worse

lt~br non •~- 4 0.14 >i0 correlaticn for differer.' element lots or dif-
RP nor FI 4-60 13 0.1 0.1- fcat corrcion inhibitc:s could be detected.
RP none H 465 13 0.14 >10
RP none FI 440A 5 0-46 >10 Considering groups of tests which had the
tDS none Fl 440 4 -0144 0 same coirbinations of solids, fuel, and addiutves

i Pone FI 440A 8 -0.0>10 (with'ut restrict.ng -.e type of elements) li.4e-
wise did not improve the correlation. Eight of



twenty correlation coefficiants were negative; only three of the positive and one of the negative coefficients were
tatimiically significant. The results are shown in Table 71,

TABLE 71. CORRELATION BETWEEN AVERAGE AEL RATING AND AVERAGE
SOLIDS CONTENT (DISiREGARDING ELEMENT LOT)

Fuel Corv Other Type of No. of Correlation Coefficient

inhib additive solids tesis coefficient sianif level, %

JP4 none none coarse AC dust 5 0.07 >10
~;IJP.4 none ASA coarse AC dust 5 --0.09 >10

JP.4 Snt none coarse AC dust 5 0.42 >10

JIP-5 none none coarse AC dust 4 0.73 >10
IF-5 none none RIO (1-116) 3 O.S7 >10
.JP-5 none PtL coarse AC dust 5 0.77 5-10
iF-5 none PtCR coarse AC dust 8 0.94 <0.1
JP-. none NA-I coarse AC dust 4 -0.26 >10
JP-5 Snt none coarse AC dust 48 0.41 0.1-1
iF-5 Sn t none fine AC dust 15 0.22 >10
JP-3 AFA none coarse AC dust 35 -0.06 >10
JP-5 AFA none fine AC dust 12 0.14 >10
JF-5 AFA none RIO (R-9998) 5 -0.88 2
JP-S Tol none coarse AC dust 7 -0.56 >10
JP-5 Lub; none coarse AC dust 26 -0.24 >10
JP-5 RP none coarse AC dust 18 0.28 >10
iF-5 RP none -fine AC dust 10 0.54 5-10
JP-5 Uni none coarst AC dust 6 0.94 <0.1I
IF-S thiu none fineAC dust 5 -0.19 >10

JP5 Uni none 50% comre, 50% fine
AC dust A -. 25 >10

13y considering all effivent fuel samples (A, B, and C) for all the tests reported herein, without regard to test
conditions, the following correlation coefficients for Totamitor reading vs AEL rating and Totamnitor reading vs
solids con'tent are obtained.

Totamtitor reading vs Totamitor reading vs
AEL rating (7510 samples) solids content (759 samples)

r Level of signif rLevel of signif

0.69 «<0.1I% 0,27 <0.1%

Regressioit equation Tot = 0.6 AEL + 0.5; Tot ý.7 solids + 5.2

The plots of the regression equations are shown in Fig,= 7. As can be seen, the slope of the line associated
with solids content is much steeper than that concernei with AEL rating. This suggests that solids content has a
much more pronouinced effect on Totamitor readings than aoot.. free water.* However, free water I-as a muchi more
precise and consistent effect on Totarn-tor readings, as was noted earlier.

*This tentative conclusion obviously Rpplies only to the specific contam;, nts and test con'iitions in Nhs prograni. Here. solid
material in the effluent will tend to be the finer fraction of the solid contarnitian', aind waier in i)e Oihient witi ter'd to be partially
coalesced, medium-size dropkts that are eru!rained :1hrough the separatx~. When thes2 condition~s apply, i~e., so long as the element
has not suffered gross failure, the solids will hNew a gre-ater effect on light sc.ittering than will equal concentration of free water,

Where faiiure is more severe, these relative effects are. likely to t.e reversed
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,. .. 'TABLE 72 CORRELATION BETWEEN AVERAGE

SOLIDS + AVERAGE AEL AND AVERAGE
TOTAkITOR READING

Fl Corr ca" He. of Corlauion coeffcient
sobib ibIbb l tern Value SlPif leIl, %

0-4 none• -- 10 0.89 0.1-|

3P-4 AFA 4 6 -0.09 >10
40 -

JP-5 none 0 37 0.78 <0.1
lJP-5 St 4 4 0.99 <0.1
l.-5 Sat 16 68 0.58 <0.1

/1 JP-5 AFA 4 , 0.76 1
JP-5 AFA 10 4 0.47 >10
1P-5 AFA 16 44 0.17 >10

oil-,_____ WP-5 Tol 20 6 0.58 >10
0o M s0 JP-5 Lubr 20 28 0.40 2-5

A! L tMati w , . f.w91 31-5 R.L 20 27 0.81 <0.1

FIGURE. 7. CORRELATiONS BETWEEN JP-5 EDS 14.5 .4 0.00 >10

TOTAMITOR RATINGS AND SOLIDS Ji-5 Uni 2 5( 0.92 <0.1

CONTENTS AND AEL RATINCS . . - -

When average Totamitor is compared to the sum of average holid• content and averagt. AEL rating, good

positive correlation is obtained. Table 72 shows the resulting correlation coefficients when only those tests which

have the same fuel corrosion inhibitor blends are compared. Of fourteen coefficients, only one is negative and one is

zero. With all grouping restrictions removed except type of fuel, the following correlation coefficients are obtained:

r -,Correlation between Totamitor and AEL + solids content

Fuel Coefficient Level of signif Regres: -)n equation

JP4 (24 tests) 0.63 <0.1% T = 0.1 (A +-S) - 0.2

JP-5 (251 tests) 0.53 <<0.1% T = 0.3 (A +S) + 17

100 r 7

Plots of the regression equations are shown in Figure 8.
These data indicate that Totamitor readings are more sensi-

tive to changes in contarnination level of JP-` than of JP-4.
This relationship is applicable only to the tesis in this par-
ticular program and may be fortuitous.

12. Comparison of Test Procedures

Twenty-nine different loop test procedures were used(4 in obtaining the data presented in this report. Many of
these procedures were used only once or twice, s3 that no
comparisons of relative severity can be obtained. Among

2o0- 4 the procedures used in a greater number of tests, direct
comparisons of procedure severity are invalidated in many

S.- cases because of differences in fuel. additive, or element lot.

0 9 Direct comparisons o& procedure severity are valid in only
AE _L I W% three cases, in which Procedure 13-! ?s compared with Pro-

FIC.URE 8. AVERAGE TOTAMiTOR READING VS cedures 10, 13-N, or 13-A. It will be recalled that

AVERAGE AEL RATING + AVERAGE SOLIDS Procedure 10, using coarse AC dtust, is fairly similar to

CONTENT FOR JP-4 AND JP-S the MIL-F-890iA inhibited-fuel procedure, and the
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others follow a "dirt4rst" schedule with coarse AC dust (13-A), fine AC dust (134), or a 50-50 mixed dusy
(I3-N).

Tnese conparisons are listed in Tables 73 through 75. Inspection of these comparative data reveab that
the parameters related to element phalng. ie., solids retention capacity (perceat dirt load and element weight Oin)
behaved difflerctly than the parameter related to effluent cleanliness (soids and water contents and Totamitor

readings). Statistical significance of tle differenoe in test procedure severity cannot be aswsed for two of the three
comparisons because of insufficient nuiber of tests by one procedure or the other.. Qualitatively, the procedrre
severities line tip as shown in the folowln tabulation, where statistical sipnificince of differences is shown is NS
(not significant), VHS (very hily significant), or U (unknown, insufficient data):

13-J more severe or less severe
Procedure Effluent Solids

cleanliness capScity

13-J v3 13-N More (U) Sme (U)
13-J vs 13-A Less (NS) L6ore (VHS)
3-J vs 10 More (U) Sawni (U)

One would expect Procedure 13-J to be the most severe, since this procedure includes the use of the finest of
the test contaminants. In terms of solids capacity, the data are in agreement with ihis expectation, since thc sole
significant difference indicates Procedure 13-i to be more severe than 13-A. lit the parameters related to effluent
cleanliness, statistic4l significance cannot be ascribed to the differences obseved, but qualitative differences in the
direction of greater severity for 13-J are noted in two out of three cases. These differences in effluent cleanliness are
across-the-board; i.e., in a given compaison of two procedures, the. wolds and water contents and the Totamitor
7eadingq all pointed in the same direction.

The comparison of Procedure 13-4 with 13-A gave quite a different picture of relative severity than did the
comparisons of 13-J with 13-N or 10. The major difference was in the plu*ng behavior (solids retention capacity),
as illustrated by the following list of dirt loads at 40 psi:

13-J vs 13-N 13-J vs 13-A 13-J vs1O0

% dirt load at 40 psi:

13-J 112 63 114
13-N 113
13-A i08
10 116

IP-5 clay-treated: No Yes No
Corrosior, inhibitor AFA Snt Sat

1 Eltmint 13t no. 440A 465 440

In the 13-i tests used tot comparison with 1 3-A, the plujong w•r. muh nre sevefr than in any of the other
'est, by any procedure, including 13-J. r.easons fr this difference are -ot readily apparent. in tlhe• pafrticuar 13-J
teztt, the fuel was clay-treated, and !he elmentlS CATTI from a diffe-ent lot than thinc kuied i the other teits. Thus.
the rapid plugging observed with fine AC dust in thawe 1-1 tet-i is evidently twt a general lhbenoincnon, but is
"specific for certain combiwitioins of test trate.l-ta

Similar comparitons in Table 76 indicate litle diffetonce in avrota AFL zatingi for tests trwa with dif-
ferent solid contaminants., except trat signifkantly higher AEL tatinop wete obtained with ¢oarv AC' dus! than

with either fine red iron oxidt! (1-116) or ir(rnd itron oe. Coarse AC dust 3nd pround rtotm oc we*re 'tsed ia
comrparatile p, ctdureý (Neocedure 13 type) and the .omparsons may be vslzd lhe fine ted iron okidc f 1- 116) was
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TABLE 73. COMPARISON OF PROCEDURES 13-J AND 10

Fuel Jr-5
Ccsrorm inlibitor: 16 lbIMbbt Sol
FS3I: 0.15-
Element tol: Fl 440

Perfrmanoe PKC t3-J PrdO 10

parameter 
-.of SD No of Mean SD-

Dit load at-0i.k 3 1-4 153 9 91 21.4
Dinlod at 40;w,% 3 11J4 15-3 9 1 10 22.22

AvgAELrating. cf 3 to 0 5 9 2 1.4

Max AEL sting. mo ~ 3 21 9.0 9 4 2.3Avgadlidscontent.nwJQ 3 0.20 0.11 9 10.05 0.0!

Maxioid cntnt m/t 3 0-36 10.19 9 0.33 I 0.10
Aig otamitoe 3 6 9 R 9 0 - 0
Max Totamitor 3 J 2

4  56.6 9 1 1 A

TABLE 74. COMPARISON OF PROCEDURES 13-J AND 13-N

Fuel: JP-5
Ce•roston irhibitor 16 Ib/Mhbl AFA
FSI|: 0. 15%
Element lot: F1 440A

Pr,. 13J iP.oc 13-h
Performance No. of Meaw SID No.rf Mean DSD
parameter tests t ests

Dirt load at 20 psi. % 3 105 5.7I 3 107 2-2

Dirtloadat40psi.% 3 112 13.1 3 113 20•7
AvgAELrating. mg/J 3 27 2i.9 3 13 42

Max AEL rating, mg/2 3 68 55.4 3 24 I1.0

Avg solids -content, mg/Q 3 L.20 1.86 3 1.90 1.84

Max solids content. mg/I 3 7.76 5.36 3 5.68 16.40
Avg Totamitor 3 10 4.5 3 "6 7.9

Max Totamitor 3 69 51.4 3 29_ 33.8.

TABLE 75. COMPARISON OF MEAN ELEMENT
PERFORMANCE PARAMETERS FOR PRO-

CEDURES 13-J AND 13-A TESTS

Parameter valu- for Level of
Perfornance indicated procedures* significance of

parameter 33-f 13-At difference in
e Mean SD Mean SD mean. %

Element wi gain. g 129 202 16 <0.-
SNlrt at 20 psi 62 3.J 91 4 <0.1

"1. Dirt at 40 psi 63 4) 108I 245 <0.3

Avg AFL mga• / 7 2.4 is .:.3 >50
Mix AFL, mg/l 14 4.s 27 41.0 25-50

Avg solids. mgN 0,,I o 00 0.59 1.20 5..-50
Max solids, mg/f 0.57 0.45 2.20 4.67 25-.0

Avg Totamitor 0.2 0.4 6 32.9 25-50

Max Totamitor 2 1.0 20 44.2 25-50

i lll•1� t i Jucted on t-lay-orcated JP-5 lur l with 16 Ib/t M bbh Snt + 0.15'; IStI

11ing I I. I ii 4S , ekimeiln.

78

aI



TAUI 7*- EML;6lN MUL XRkvL* FM*
Dff !EIEN CF W-S OF 9MOS

t -A I nr.2:kl- 45 - -

=4C V-z

IE F.w 'C &M

SA am -m F~

TAKLE MEAN ANYERGE 33UD6 CINM~
FM DLcFEREFr Tn3M!?!F SGIDS

C:& Eft &'_!ZSB- ZzXe<
hued ~ ~ -- _-_ tZe t-al Yhe hs eer ar oNrdr

.be~II F-901 re ;-11o6d 1nm9o 1sr~ 43 =!Ls4- j =zaiir. r,&--~ to~-
red in cxde ae ir thi L~:3-5d

coars ACC dust.ft

usesitn obtlied 'Lers deleed in tohuer analts 2:ey thre-o uerefore, d-ormg not inlmuene it In wtn-av resulscbaxin
from statFMIcA anlyed iof normal temsts. d n-,te-fmz a~a-w eate eýS

coase C dst nd w rd -on xid vejpr % L0179&



TAKE T& L"' TEST PEXKDURL b. tbrwastod TOM
USED OWE

A somber of tests perfonned eitl during pirocedre
-at orw n special rmduatow were run once by a

Sm w procedme and vse not repeat,!. These ies am listed in

c- pei Evimuaticis

OIL-z; tmI program repmutd herem, three Bowser
F•ter-sepmtar d-emezits' which ha& been in service at Andrews

;AM wete exarrAFe. -At Andrews APM. onsideble dWficulty
Whd been expeisced with psemature *,Aging of elemennt. At

.the um ofteeeivif g the three eL-,,,ts, it was the '"" of

, Lboatry. pesosirel that the pluggin: might be
S-• "i a i to excess p*.• valve grease getting into the fuel. Con-

luettly. it w considered *esuable to run speca; loop tes.. in
a 4) a r, r 3 -• S A , wl•ch plug vah! Vense was inected. In the csms of studying

>- *OI R -r - -*V %am ag _.-S tbis probhrm. several type of tests wene perfonre&- as described
". - W 3 V ' the maixrts that follow.

Z .... - , -3W v . VIgal examina.Jon of the used eements from Andress

___~aý- = fs AFB reetied aeveral umil parrides of soft greaselike, browrish
- +" M- OM, ,c-t, ateriaL Swn .• w hese pums wee collected and tu nisbled to

the Pn pulio labo ,t7 for further examinaon.

t-he elements on hbd jw= tested i the ipresure-<deck Ueoung at a flow rate of 20 gpin of JP-5. with
the feOMOsg rzmkS:

No_ 1: !6-. psi

No S3- 15.6 psi

Sno. I wits 6emed by intnersion in isop-opanol for 24 hy, after which z recheck on pressure
S.:; -awd faii 0van•micatcd 3 psL Evidently. the isopropanoi remed most of the material that had plugged
ibe elem.t -•n senmox The hwc-pu<d usFed u; ceaiing the element was found !o contain I to 2-. -lycb-c0.

F•-mn no. 2 ,k-s iesed as4remd-. in loop tesi no. _29. using iay-treated JP-5 conutwning 0.15 •l %
FSI b; -no *cmran inhibitoir. This fue give WSIM values of 92 to 95. The loop test was run as a straight
z-uiescenc. te stL.-•ow any sobds injectiorn The test schede ncud!d 30 nim at 20 pin with 0.01% water
ir.je-tion. ben three !0- to I 5-nu periods with I%¶ water injectiom while the fuel flaw rate was set successively at
-0 15- and 10 gr2 .:a an,- fl] r.t a recbeck on premsre drop at 20 glin without any water injecion. The coalescing

perf-o=2rice us mery prcc.4All AEL saniks k aken durig water injection indicated free water content; in excess of
"-ag L most oi thzm-n far above 20. Effluent Totamiio readings ranged froin 10 to 100. The d"erentWJ pressure

;u:-A..id 13-8 p-.- but had •,-assed to 25.1 at the end of the !5-mit pre-test period, befoe any water had been
inectzed- The disTtrentia prssuare continued io -:se during the test, dropping back when flow rate was decreased.
lhe iinan check at --I' . a situout w-atr.r mjc-tion. indicatez a differential pressure of 29-1 psi.

A new Bo,-r element jsiilar to tosc- used at Andrews AFB) wrw checked for the effect of plug va:ve
arise m a series of for5 tsn. nes_ 300A through 300D. using ciay-trea:ed JP-5 (0.15% FSII) throughout the serie
uithout internme¢ ;e ,Jay trei;me-It. Fuel WSIY. vaiLues ranged from IN to 98. The fust test (300A) included the
inj)etio of some -6 z el" MIL4L-/-'032 piug vabe greaw into tlýe influent fuel stream by means of a grease Eun.

"*Boa-Ar A-I3M')i der.nem ;--j3;L)-a! adxrd typr_
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About 15 g of grease was inected over a 30-min period, after which coalescence was checked by successive water
injections tt 0.01 and 1% of fuel flow The second grease injection (about 31 g) was performed over a 30-min period
while 1% water was being injected. The grease injection did not degrade element performance to any serious extent.
The differential pressure increased to 7.8 psi from an initial value of 4.4 psi. Totamitor readings were zero through-
out, and the highest content of fiee water in the effluent was 7 to 8 mg/i according to the AEL ratings. Efflue.,l
stlids contents were higher than normal. ranging from 0.70 to 0.99 mg/Q. After the test series was completed, the
element was found to contain small, uniformly distributed particles of grease inside the perforated metal core.
Subsequent tests in this series were run on the same fuel, reblending to 0.15% FSII for test 300B but omitting the
FSIl makeup in the last two tests. Tests 300B, 300C, and 300D included periods of fuel flow without any water
injection, as well as water injection at 0.01 and 1%, but did not include any further injection of solid material. In
each test, the differential pressure remained lblow 8 psi for a 20-gpm flow rate; in test 300D, the differential
oressure rose to 10.8 psi during a period when the fuel flow rate was 30 gpm. Coalescence was onily fair, with AEL
ratings generally near 10 mg/2 but occasionally as high as 18 to 19 mg/R. Solids contents were low, all below 0.4
mg/2, and effluent Totamnitor readings were zero throughout.

The series of tests just described, run on a new element, failed to reveal any sevre plugging or serious
degradation of performance when 46 g of this particular plug valve grease was injected into the influent fuel.

Tests 301 and 302 were run with injection of Walworth No. I plug valve sealant, which is a relatively
hard stick-form grease that is in use at Andrews AFB. In test 301, the element was the isopropanol-cleaned element
recovered from an Andrews filter-separator. The injection of 57 g of grease produced only slight plugging, the
differential pressure increasing from 6.2 psi to 8.5 psi. Coalescence was very poor; several of the AEL ratings were
far in excess of 2012. In test 302, using a new element, 75 g of grease was injected, again with little plugging effect
(initial differential pressure 4.3 psi, final 6.1 psi). Coalescence was excellent, all AEL ratings being less than 5 mg/].
Effluent solids contents were low in both of these tests. Examination of the elements after test revealed that
essentially all the injected grease had collected in a mass at the top of the perforated core of the element; hence, the
lack of plugging effect is not surprising.

Tests 303A and 303B were run successively on a new Bowser element, using the same JP-5 fuel used in
previous tests, without any clay treatment or makeup of FSII. These tests were run to determine whether injection
of glycerol along with coarse AC dust would plug the elemert. Starting with an initial pressure diffeiential of 4 psi,
the iniection of 4000 ml of glycerol along with 29 g of coarse AC dust produced a differential of 19 psi. This
dropped to 9 to 10 psi in subsequent periods of fuel flow and water injection (0.0i and 1%) and then to 5 psi after
shutdown and restart. Next., after another shutdown, coarse AC dust was injected up to a differential pressure of 20
psi; this required 314 g, or a total of 343 g counting that injected previously. Subsequent injection of 670 ml of
glycerol over a 5-miin period increased the differential to 25 psi, which remained substantially constant during a
30-min water injection period (1%) that followed. Coalescence was satisfactory during the water injection periods.
So,:ds contents of the effluent samples ranged up to 0.73 mg/k during the initial injection of glycerol and solids, but
remained below 0.2 mg/2 in subsequent operations. During the two periods of glycerol injection (at 0.09 and 0.18%
of fuel flow), it was observed that most of the glycerol was coalesced and drawn off the bottom of the test housing.
Examination of the pressure-differential curv,:s for these tests suggests that the glycerol causes a buildup in flow
resistance but subsequently "works through" the element so that the pressure differential drops off again. The
combination of glycerol and coarse AC dust does not give particularly severe plugging. With a total of 343 g of dust,
which is about 170% of the nominal dirt-holding capacity of the element, the pressure differential was only some 25
psi. Thi. may be contrasted with the plugging behavior of coarse AC dust in tests on JP-5 fuel containing corrosion
inhibitors, where the element seldom accepted much more than 200 g (100% rated. capacity) without exceeding the
plugging limit of 40 psi.

Tnus, it was not possible for this limited series ui tests to establish a rrobable cause for the plugging
problems encountered at Andrews AFB. Since a wash in isopropanol did "unplug" one of the Andrews elements. it
is evident that organic material contributed to the plugging, and the presence o" glycerol was established.
Attempts to duplicate such plugging in short-term tests with glycerol or plug valve grease were unmuccessful.
In the field, organic materials derived from the glycerol component cf FSII, from the plug valve grease, or
from interactions of these materials with solid inorganic contaminants and fucl gums may be the cause of
premature plugging failures.
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d. Tests on Defective Elements

Several tests were run on elements which had manufacturing defects or which had been damaged during
in3tallation. Also, one test was run on an element which had been cut away fo, visual observations. These tests are
listed below:

Element
Test no. Ee ntRemarksidentification

57 FI Lot 286 Excessive initial presure drop (45 psi)
not numbered FI Lot 286 Excessive initial pressure drop (10 psi);

this element was replaced and the test
restarted.

98 FI Lot 440 Element crushed during installation.
107 Fl Lot 440 Element sectioned for observation.
113 FI Lot 440 Element had broken end cap.
225 Fl Lot 465 Element's filtration and coalescence

performance war stisfactory, post-test
examination revealed split.

229 FI Lot 465 Element's filtration performance was
satisfactory; coalescence was poor;
post-test examination revealed large
bulge on element.

In test 57, after enly 4 min of fuel flow at 20 gpm with no solids or water injection, the element AP had
increased to 45 psi and the test was terminated. Subsequent weighing of the element indicated no significant increase
in weight, and no explanation for the unusually high initial differential prezure could be formulated.

- Shortly after test 57, another excessive initial differential pressure (10 psi) was observed, In this case, the
results were not assigned a test number; the element was replaced and a numbered test was run.

The element used in test 98 was inadvertently crushed during its installation in the test section. This
resulted in excessive free water passage into the effluent, and the test was terminated after 40 rinm. This element was
not subjected to contamination by solids.

Test 107 was performed on an element from which had been removed several sections of varying depths
in an effort to visually observe ihe actual function of the element. This investigatioi. proved impractical due to the
poor coalescence and filtration capability of the sectioned element, and the test was terminated after 30 min.

Results obtained in test 113 indicated element defect; the test was terminated after 36 min. The eCement
was sectioned immediately after the tet and found to have a partially broken end cap. Large amounts of AC dust
were visible at the sits of the break, and it was apparent that significant amounts of test-fuel contaminants were
passing through the element at this point.

hie element used in test 225 exhibited generaly satisfactory performance during the test: maximum
soltds content 0.16 mg/i, maximum free water content 8 to 9 mg/Q and maximum Totamitor reading I. Post-test
examination revealed a longitudinal split (about 10 in. long) along the line of mold conjunction.

In test 229, clement performance was 3.itisfactory except for passage of excesive free water (16 to
17 mg/Q) at the end of 'he test. Post.test examination revealed a large bulge at one end of the element.

Of the aforementioned seven elements, five exhibited defects which are conide,-ed to be manufacturing

defects; all were Filters Inc elements. At least 233 Filters Inc elements were used in this program and, thus, the
percentage of observed and reýorded defective elements is 2.1%. However, it is believed that some obviously
defective elements were discarded without being tested and without being recorded. Hence, the percentage of
defective elements was probably higher than given above. Of the elements of other manufacturers, the number

tested was insufficient to provide ary information on the incidence of defects.
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14. Repeatability of Filker-Simrator Tafst

A question of great interest in filter-separator testing is the following; How repeatable are the filter-separator
test results? An attempt will be made to answer this question by using res- s from the most replicated combinations
of test conditions. Four groups of tests having nine or more replicate tests arj identified in Table 79. Means and
standard deviations for nine different performance parameters from these tests are also given in Table 79 along with
the boundaries which would include either 95% or 50% of the tes! results. The 95 and 50% boundaries were
calculated as 1.96 X SD and 0.675 X SD, assuming that the distributions of t0e measurements are normal. The
results in Table 79 give a fairly good indication of the repeatability obtained in the AI/SS loop tests and shculd
provide an estimate as to the sort of repeatability one might expect iii similar tests run in the future.

TABLE 79. REPEATABILITY SUMMARY FORk PERFORMANCE PARAMETERSIElementI% dirt load AEL rating, mg/] Solids, mg/R Tot reading
wt gain, 20 pal psi Avg Max Av J Max Avg J Max

Fuel A*, element F1 286, Procedure 10, no. of tests 13
Mean 195 87 99 A ] 2 0.04 0.08 0 0.8SD 30.3 16.5 17.1 T .32 0.04 0.10 0 1.5
95% boundaries 136-254 55-119 66-132 0-5.9 0.8.3 0-0.12 0-0.28 0-0 0-3.7
50 boundarie 3 174-216 76-98 88.11J 0.7-3.3 04.2 0.1-0.07 0.01-0.15 0-0 0.1.8

50bona ,e 17-1I69 813 0733 -. 2 0'l00 .101 - -.

Fuel A*, element F1 440, Procedure 10, no. of tests 9 __

Mean 209 91 II0 2 4 0.05 0.11 0 1
SD 38.6 21.4 21.2 1.4 2.3 0.05 0.10 0 1.8
95% boundaries 134-284 49-133 66-153 0-4.7 9-8.5 0-0.15 0-0.31 0-0 0-4.5

50% boundaries 183-235 77-105 95-125 1.1-2.9 2.4-5.6 0.02-0.08 0-0.30 0-0 0-2.2

Fuel B*, elemnt F1 465, Procedure 13-A, no. of tests 9
Mean 240 115 120 1 10 19 0.10 0.20 0 1
SD 50 25 24 4 5 0.04 0.12 0 1
95% boundaries 142-3S8 66-164 73-167 2-18 9.29 0.02-0.18 0.00-0.44 0-0 0-3
50% boundaries 206-.74 98-132 104-136 7-13 16-22 0.07-0.13 0.12-0.28 0-0 0-2

Fuel CO. element F1 465, Procedure 13-A, no. of tests 9 _

Mean 239 116 121 21 [45' 0.17 0.32 1.9 11.0
SD 73 37 39 !6b 41 0.05 0.11 2.8 18.7
957 boundaries 96-382 43-189 45-197 0-52 0.125 0.07-0.27 0.10-0.54 0-7.4 0147.7
50% boundaries 190-288 91-141 95-147 10-32 17-73 0.14-0.20 0.25-0.39 0-3.8 0-23.6

*Fuel identification: A. IP-5 + 16 lb/Mbbl Snt + 0.15% FSII.
B. Clay-treated JP-5 + 16 lb/Mbbi AFA + 0.15% FSI9.
C. Clay-tated JP.5+ 20 Ib/MbbI RP+ 0.15% FSII.

The data in Table 79 can als, be used to cakulate the estimated number of tests required to estabiish that
diffetrences in parameter means for two groups of tests are significant at whatever level desired. It should be
understood that the results of such calculations are estimates and setre only as guides during the experiment
planning stage. More ,xact calculations to determine level of significance would have to be made u~ing the test data,
thus providing a more accurate measure of the standard deviation of the new groups of tests. Suitable equations for
these calculatiwns are ipven in Reference 10.
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Suppose that it is desired to deteanine if there is amr diff4= *e %etwem the peemi dirt kd at 40 p. for
JP-5 + 16 lb/Mbbl Snt + 0.151A FSH and that for JP-5 coataii-.r. a ew corrna inhmiitkg. mUg ho bre 10
with Filters Inc elements in bath sets of test. 'Bow many tests we t4l be txqired to detect a diffarace of 10% in
dirt holding capacity that wmMld be sdificant r. the 5% l iel? In .rder to cakulaft he required ai r of b e
it will be asuned that the standard deviations of the pat nwet-% of both i0p of tests an thw mar-. r"g ti
example, the standard deviation of the percent dirt load ,,- 40 psi for W-$ + 16 Rqb Sat -1 0.lSJ FS11
rnm ac~cordiog to Procedure 10 is 17. 1%.

Th7 required number of tests can be determined by the eq-fdog(10)

n =(u& + up)2D 2

where D(= 6 o) is the difference it is important to detect, expressed as a multile of the standarddeitna
and up are the deviates of the normal curve which cut off singie-talled areas of a and A- The terms ox and •,
respectively, represent the risks of asserting a signifiant difference when none exists and taerting that no difference
exists when in fact there is a difference of ffiet magnitude to be of practical im ortanmce.

The .quation given above is for testing one-sided differences; that is, one of the means will aways be greater
than the other. For the example under consideration here, the means can deviate in either direction. Hence, a
tV:o-sided test is ralled for. This test can be accomplished by substituting for ua the deviate cornruud to an area
of 1/2a. The calculations are shown below.

n = (u 2 + uP) /D2

= (1.96 + 1.54) .i(10117.1)2

= 37.8

Thus, 38 tests would be required to detect, with confidenne, a difference of 10% between the means of percent dirt
load at 40 psi for the two fuel blends.

It is unlikely that 38 single-element loop tests would be run for such a purpose. The table which follows lists
other numbers of tests for different values of D.

D No. of
tests

0.5 52
1.0 13
1.5 6
2.0 4

Thus, a suitable number of tests, say 6, will detect a difterence of 8 = 1.5 (17.1) = 25.6% between the means of
percent dirt load at 40 psi for the two fuel blends.

It is also possible to reduce the number of tests required by accepting differences at a higher level of risk (less
significance). In the example just cited, the standard deviation is an appreciable fraction (17.1/99) of the parameter.
If the test procedures or measurements can be refined to reduce the standard deviation, larger values of D can be
used and the required number of tests decreased while still detecting significantly the same differnce in means.

15. Suggested Plan for Acceptance Tests

The subject of test repeatability, discussed in the preceding subsection, is closely related to filter-separator
element or corrosion inhibitor acceptance testing. A test plan similar to that discussed could be used for acceptance
testing. However, another type of test plan, and perhaps a more efficient one, would utilize sequential tests of
significance.
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A murber of sequestalst plase s far vams sitmkes we desambd in staistics booLs (for exampe see

Reaecce 10)- lere only one type of Pha mg be presented a an exaviik of bow mcb a ;Am night he put into
piractce-

Suppose that it is deied •o oevelop an acceptance test pla for c€wmo idnh on.m For the sake of"
diapr-ty.w supp the perforfmue paruatme of interest is pencet ditt MW at 410 .:. that day-tPeated JP-5 is the
tet fuel. and that tests am• mu• accorfg to Procedhe 13-A. (The freg•irsg comditions were al selected merely to
Miusate the ap;;%eatioo of the seqsntal test phnL)

The seWueat method used bete involes tes•aig fiv a diff;emc in max value wuep the standara deviaton is
b.ow41O). For co•_tmience, a standard deviation ,4 20 wil be used in ,ksdations whic follow. The method
inmlves detvsq-t the location of two paralel bvit Erse ca a plta of woulatie total of pec•t dirt load versus
member .v o ;"tjom .As testig proceeds points are plotted and testing connues until a point fis outode the
Nmik lines.

The equ•tioms necessy to determe the bira me:

where h. and h are y4atezcepts of the lower and upper bounariks.g is th. know-n or rtsmed standard deewiat o
6 is the difference wtich it xs imporant to detect, and a and b are te4rra rebted to proabifities a and . The terms a

and b are c•cu!ated as fo]lows:

The factor a is the vrobability of asseiting a sgtificýnt differenct %hen none exisis (in this example 0.05): and - is
the probability of asserting that no difference exists whea there is a lttTer•.n-e of s aWcet. magnitude to be of

practical importance (n this example 0.05).

The slope -. 'the limit lines is calculated by meam of the equation below:

s=uao +-5

where go is the standh.rd value (in tnis case 100) against which observ-tions are •-ompaied and 6 s the .iffeerken

which it is important to detect (in this ca 10 has been sekleted zrbitrahrj. Re-hus o-lu•atiox~s are as folows:

-b02 -2.94( 20")7
: =- -= =--117.6

10

a e 2.94(,20)"

6 10

S=1o +- = 100+5= 105
2
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a bi 5t -2 94
a 0.05

b =J- is- i94
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3ECTION V1

LOOP TEST CONCLUSIONS AND RECOMMENDATIONS *
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Whe-e Fslht corentation weras nied a the srigun of wther ceaionicoeffincrenwaseo&stet h ol

e exuected. Forrelthen sagrus oftie tebs tvere was:s noIM andiamiount of woeaterobetween pLe.tes %IFM
andv an ofaeda the elre3promauneo patramnected nrs. e-

There twas grouapaed t o;acording to fueltypear eeen t lot, UId somewh coloer orstation wieasd aobntaioe

ib egMtwoe ie-lteast betweand fourl qerorancey parameters (percetf adi loTand atem40 pi.aerage AEL!

Wh1g.aerago c-ie slaidson~e was-nped aeaeTtmtrra4As, the signs of the correlatioui coffi-in a poit owa ol
cetwre eral soudbe expected- For the same groups of tests,.hr a o niaino cofrelation between pre-ttst F
ITand any Ž aforeenh e d foelement performance parameterswsbttrtasor-~mr

rFictd tests groupe ings.odn ofuitp n lmetlt oetw e e or-ato.wsotie

* N oratowaobandbetween res WSIM and forIFTn c paam'etes (prctents giroupead acc40rdig toerfuel iE

additive, and FSl concentration.

* Significant positive correlation was obtained between pre-test WSIM and pre-test IFT when data from
t~sts mn fuel writhotit corrosion inhibitors weie addcd to each group of tests described in the preceding
paragraph-

With re-gard to the effects of clay treatment of fuel on fuel qua!ity parameters and on performance of
filter-separator elements, conclusions are as follows:

*Clay :reatxnent caused a significant incre*.se in the WSIM of uninhibitedi JP-S.

* Fuel blends prepared writh clay-treated JP-5 ha I higher WSIM values than did similar blends prepared
with untreated JP-5.
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* Clay treatment had rno effect on the ;evel of IFT of JP5 fuel, either uninhibited oras blended with additives.

* During sequences of tests on fuel containing corrosion inhibitor, followed by clay treating, and reblending
with corrosion in sibitor, clay treating was more effective in restoring high WSIM le",eis than high IFT levels.

£ There was n-3 evidence that clay 'treatment reduced the variability of WSIA or IFT values of JP-5 fuel,
either wlinhibited or as blended with additives.

Clay treatment does cause FSII to be removed from JP-5 fuel; the amount removed is small and
gradually decreases with successive uses of the clay canisters.

4 When fresh clay canisters are used, ;)ay treatment removes all the color bodies from JP-5, but in the
course of additional blending with corrosion inhibitors, testing, and clay treatment, f&al color increases,
becoming essentially constant after 6 or 7 clay treatments.

* Theme was no evidence that clay treatment significantly improved the performance of filter-separator
elements nor that it significan-dy reduced variability in the measured performance parameters.

VWith regard to the effects of variations in injection water quality on element pezformance parameters, there
wos no evidence that observed variations in water surface tension, solids content, or pH had any effect on measured
performance palameters.

With regard to the effect of variations in element physical parameters (element weight, element differential
pressure in the pressure-check trough, and element differential pressure at the start of testing) on element perfor-
inance parameters. conclusions zre as follows:

" There was no evidence of significant correlation between any of the three element physical parameters
and :ny of the element performance parameters.

" Correlation between pairs of the three element physical parameters was generally very poor f- tests
grouped according to element lot, test procedure, fuel type, and additives and additive concentratiin.

" Very highly significant positive correlation was obtained between all pairs of element physical param-
eters when all six lots of elements from one manufacturer (Filters Inc) were considered together.

The results of a group of tests iaivolving three different corrosion inhibitors (AFA-l, Santolene C, and Lubrizol
541) and elements from four manufacturers (Filters Inc, Fram, Bendix, and Bowser) indicated the elements could be
ranked in the order of decreasing effectiveness as follows: (1) Filters Inc, (2) Bendix, (3) Bowser, and (4) Fram. The
corrosion inhibitors could be ranked in order of increasing detrimental effect as follows: (1) AFA-l, (2) Santolene C,
and (3) Lubrizol 541.

Or, the basis of another group of tests run according to Procedure 13-A, using Filters Ine -'..,nents of a single
lot, and clay-treated TP-5 plus 0.15% FSII plus one or another of six corrosion inhibitors, it was possible to rank the
corrosion inhibitors in order of increasing detrimental effect as follows: (1) AFA-l, (2) RP-2, (3) Tolad 244, (4)
Santolene C. (5) Unicor M, and (6) Lubrizol 541.

The foregoing rankings of both filter-separator elements and corrosion inhibitors are based solely on test
results presented herein. Hence, the rankings are not inferred to be universally applicable. Using other test con-
ditions, test procedures, and other batches of filter-separator elements and corrosion inhibitors the order of ranking
might be different.

Rather limi:ed test results suggest that G. 15% FSII in JP-4 or JP-5 (either untreated or clay-treated) causes a
slight decrease in the fuel's WSIM value. No appreciable effect of FSII on IFT values of JP4 or JP-5 was noted.

The extent of correlation between ten pairs of element performance parameters, based on results from tests
having the same fuel type, additive and additive concentration, FSII content, and element lot, was determined and a
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not•seable trend in correlation was observed in only four cases: average AEL rating vs average Totamitor reading.
positive correlatioi,, average Totamitor reading vs percent dirt load at 20 and at 40 psi, negative correlation; and
maximum Totamitor reading vs maximum AEL rating, positive correlation.

Very highly significant positive correlations between Totamitor readings and corresponding AEL ratings and
solids contents were obtained when data from all tests were lumped together without regard to test conditions.

Using results from tests grouped according to fuel and corrosion inhibitor there was good positive correlation
between average Totarnitor reading and the sum of average AEL rating and average solids content. With all grouping
restrictions removed except type of tuel. very highly significant positive correlations were obtained between average
Totamitor readings and the sum of aveiage AEL rating and average solid content, both for JP-4 and JP-5 fuel.

The general, but not extremely conclusive, indications provided by comparison of test procedures were that
element performance was poorer with finir solid contam7uinants.

2. Recommendations

On the basis of test results and experience derived from the AJ/SS loap tests reported herein, a nuwriber of
recommendations have been formulated relative to test planning, test equipment, tfft procedures, test materiais, and
areas for future study.

With regard to test plaiming, one recommendation is foremost. Test plans should be designed so that the
inferences drawn from the data can be subjected to statistical tests of significance. It is believed that the statistics
(means, standard deviation, etc.) reportel herein can be used as guidelines in selecting numbers of replicate testq
such that differences in performance of elements of different lots or of different additives can be assessed at any
desired level of significance. Statistical test plans, particularly those based on sequential tests of significance, are
recommended as being most satisfactoiy for acceptance testing of filter-separator elements or corrosion inhibitors.

The overall utility of these tests can be increased, in genteJ, in three ways: by increased rerlication of ttsts,
by reducing variability in test materials (filter-separator elements, fuels, and additives), and by reducing variability of
parameter measurements (free water content, solids content, differential pressure, etc.),

Increased test replication can be effected by limiting the number of test procedures, element lots• and fuel
blends.

Variability in filter-separator elements could be reduced hy eliminating thoseelements which deviate markedly
from the mean of appropriate element-quality parameters. At present there are only two easily measured, non-
destructive measures of element quality, namely, weight and elennt differential pressure. The establishment of
other easily measured, nondestructive, and meaningful element quality parameters would aid in reducing element
variability and, hopefully, provide additional parameters which might correlate with element perfomiance.

There appears to be little hope of significantly reducing fdel variability from that experienced in 'hese tests.
About all that can be reconmmended is that a sufficient supply of a loven batch of fuel be on tund to permit running
all of the test groupings .i a study of some fActor or variable. Some reduction in fuel vuriability over a long period of
time might be effected by the use of storage tanks made of corrosion-resistant mc¢als iuch as Aluminum or stainless
steel.

A change in clay-tteatme-it proc,:Jure might also result m ticreawd uniformity o, tett fuel over a p-riod of
time and also permit running tests with various additives in a random b-ax I`he new p 'ocedure would entail ciy
treating 600 gal of iest fuel, blending with ai.twtn, runnig one test, and pumping dic fe•l to A seond ,torage
tank. Each test wouid therefore be run with freyh clsy-trcatcd fuel, and aijditvve could be different for tiucessive

tests. An iditional advantage of thu clay-treating pro'edute i titat the test fuel i% mil being c•ntinusly water
washed. A;so. there is no po"ibility of a buildup in the fuel of •on•ads-baNe onsttituent- ftoin the additiv-e Sch
a butidup could occtr uiing the piesent clhsy-tteatng protedure, in which isad, to u fet nvcd after cch test by clxy
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treating the test fuel. It is assumed that clay treating removes all the cori,;ion inhibitors, and, on this basis, fresh
additive and makeup fuel are added prior to each teet. The validity of this assumption is open to serious question. In
a series of 10 or 12 tests on fuel with the same additive, it is very p(-,ssible to have a buildup of tlose constituents
which are less adsorbable. An indication of such preferential buildup is atfrded by the fact that, in the tests
reported herein, JP-5 fuel was rendered colorless ("water-white") by intl..' clay vreatment; but with successive cycles
of blending with corrosion inhibitors, testing and retreating, the fue! reverted to ts normal yellow color.

With regard to maintaining uniformity of additives over a long period of time, it is suggested that ample
additive be obtained prior to start of a test program and that additive storage should be such that deterioration of
the additive is minimized. For example, certain corrosion inhibitors are not homogeneous, and the insoluble con-
stituents settle out; this could be prevented or minimized by subzero storage. Such storage would also minimize
solvent evaporation losses.

The variability of measured element-performance parameters can possibly be reduced in some cases as dis-
cussed in the following paragraphs.

Some reduction of the variability in free water content as indicated by the AEL free water detector method
might result from the develpinent of an electr-, nic, automatic device f~r :ating AEL pads. Variability in measured
solids contents could be decreased if improved membranes were availabe. The currently used membranes are
adversely affected by free water in the fuel. This may account, in part, for thc frequent indications of negative solids
contents.

It seems possible that more quantitative information might be derived from Totamitor readings. Correlations
between Totamitor readings and fuel contaminant content could be obtained for free water and for each type of
solid contaminant used. These correlations could be sought at conditions (fuel temperature, pressure, and flow rate)
generally used in these tests. It is anticipated that the Totamitor or other instruments based on optical measurements
can never be highly quantitative because of the effects and interactions of factors such as turbulence, fuel additive
content, and combinations of water and solids contaminants. However, it does appear possible to increase the utility
of the Totamitor readings taken with the same instruments, under uniform test conditions, and using a limited
number of known solid contaminants. For purposes of economy, the foregoing Totamitor correlation experiments
could be run in conjunction with correlation of dirt-feed systems.

The effects of various additives, as well as correlations between fuel quality parameters such as WýiM and IFT
and between fuel quality parameters an1 element performance parameters, could all be studied in a program wherein
tests were run using additive-fuel blends ranging from zero additive concentration to the maximum allowable, or
even higher, additive concentration. Such a program should provide a wide enough range of data to permit detection

of any real correlations between the various fuel quality parameters and element performance parameters.

Additional information about filter-separator element performance might be provided by a standard method
of dissecting, examining, and assigning quantitative ratings of elements Jfter testing.

The effects of element physical paramekt'rs such as weight or density could he studied by Ising specially

fabricated elenmcnts. These would be fabricated frem single lots of raw material and by a single manufacturing

procedurc, but the amount of rw'w inatel:ial ti the ndividr~Al elements could he varied in a controlled manner.
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SECTION VII

SMALL-SCALE COALESCENCE STUDIES

1. Introduction

The ability to coalesce free wat.-r in fuel is one of the most important functions of a filter-separator elcment.
Yet, the mechanisms of coalescence are not well understood and the development of filter-separator elements which
effectively coalesce water has apparently proceeded on an empirical basis. A more complete understanding of the
mechanisms and factors involved in coalescence should make possible a more rational approach to filter-)parator
element design and eventually filter-separator elements with improved water-coalescing capabilities.

The methods of studying coalescence phenomena range from very fundamental investigations involving
detailed observations of individual water droplets and sites of coalescence to the fabrication and testing of full-size
elements.

Neither of the two extremes of experimental method was suited to the facilities or personnel available for
studying coalescence under thi.F program. uonisequer.ly, an interriediate approach which migh: be termed a "small-

scale empirical" study was undertaken.

It was elected at the outset to study coalescence only, reserving the study of complications resulting when
coalescence and filtration occur simultaneously in the media bed until such time as the coalescence phenomena were
more fully understood. The effect of variations in coalescence media parameters (media thickness and density) was
the subject of the work reported herein. An experimental apparatus was designed and fabricated which provided
controlled, once-through flow of fuel and water, a means of dispersing water in the fuel, a cell which contained
coalescence media, a fallout chamber for observation of coalesced water drops, and a means of detecting free water
content of the effluent fuel.

2. Experimental Apparatus, Materials, and Techniques

a. Apparatus

Before describing in detail the small-scale coalescence apparatus used in the experiments reported herein,
examination of the design considerations will be useful.

Versatility was one of the primary design considerations. An apparatus was desired which would permit
the controlled variation, over wide ranges, of the parameters of importance to coalescence of water from fuel. These
parameters include those pertaining to the coalescing media, the fuel, injection water, and flow conditions.

Coalescence media parameters of importance are as follows:

Material

Particle size (fiber diameter, particle mean diameter, or other suitable measure)

Pore characteristics (dimensions, distribution)

Density

Thickness

All of these parameters ire intertelated and are primarily chaxactcwistics of the media itself. The media used in these
experimer,:s will be described in the (ollowing section of this report. Media thicknes. is the only one of the
aforementioned perametet; that it directly dependent on apparatus design.
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CELL ASSEMBLY
The use of a pump has three disadvantages. PrefUre

fluctuations are associated with certain type; of pumps, for

example, piston pumps. The generation of frictional heat within the pump naay be troublesome in some cases. Wea'

debris from the 2ump might affect the coalescence chaacteri-tics of the media. The later problem would be more
serious in tests where filtration was be.ing evaluated.

Gas drive systems have none of the undesirable attributes just described for pump systems, but instead, a
mnre serious drawback, at least for this application. At any point in the system, where the pressure is substantially
lem than the driving gas, bubbles will be formed by gas evolution.

In a coalescence test apparatus such as the rne being described, the bubble release regiots Ls likely to be
in t& coalescerce media, which would affect the coalescing process, or at the system exit, in which case the bubbles
might interfere with the detekmination of the free water content of the effluent fuel. ks will be seen later, the
system selected uses low-pressure helium to drive the fuel and the water to a pump-type homogenizer which provides
the pressure needed to force the fuel-water mixture through the system.

Another major function of the apparatus which can be performed in sevwral ways is that of dispersing
the free water. In principle, three methods ,re feasible: stirring or other mechanical agitation, agita.tion by ultrasonic
vibrations, and dispersion by fluid turbulence such as that present in and immediately Jter an orifice. The apparatus
selected for the combined functions of water dispersion and fuel pumping was a Manton-Gaulin Laboratory Homog-
enizer, Model 15M-8TA which combines a single-piston, high-pressure, 15-gph pump and an adjustable oritlce.

The version of the small -ale coalescence apparatus used in these tests is show. in Figure 1 1. Helium
pressure (20 psi) was used to drive the fuel up to the inlet of the homogenizer. Helium pressure (40 psi) was also
used to drive the injection water up to the homogenizer inlet. Details of the fuel and water entry arrangements are
shown in the F!gure II inset. A rotameter was used to measure water flow rate. The inlet fuel flow rate was that of
the homogenizer pump (0.25 gprn). An accumulator connected to both the fuel and water lines served to damp out
pump-infuced flow fluctuations and permit measurement of water injection rate. Another accumulator, just down-
stream of the homogenizer, limited pressure fluctuations to ± I psi at the coalescei cell inlet.

The homogenizer is designed to operate with high differential pressures across the orifice, on the order
of 500 to 4000 psi. In the early stages of equipment checkout, it was found that normal operation of the
homogenizer resulted in pressure and flow pulsations that were very difficult to smooth out, as well as excessive
heating of the fuel and extremely fine dispersion of the water in the fuel. Subsequently, the homogenizer pressure
was held to about 100 psi. which improved the operation considerably.

Test fuel temperature was regulated by means of a manually controlled, water-cooled, concentric tube
heat exchangar downstram of the outlet accumulator. After the heat exchanger, the fuel-water mixture was divided
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FIGURE 11. FLOW PLAN OF SMALL-SCALE COALECENCE APPARATUS

into two strearms.* Four-fifths of the mixture w'as divevrted through a discard line. Mounted in the* discard line was a
safety relief valve and a back-pressure regulator. Fhow rate through the disca-d line. was monitored by a rotameter
but was not controlled.

The test fuel-water mixture, the remaining one -fifth of the mixture, passed through the coalescer cell
and into the transparent serting chamber. Flow rate of the test fuel-water mixture was controlled by means af
needle valves downstream of the settling c~hamber. In all tests .reported herein, the flcew rate through the test section
was 189 ml/mim (0.05 gpm). Coalesced water was collected in the. settling chambei. Fuel and any uncoalesced water
passed out the top of the settling chamber. through a rotameter, and then either through a discard -line or an AEL
pad holder. The coalescer and settler were held under pressure (downstream flow regaalation) to avoid gas evolution
in these sections.

The maior components of the small-scale coaiesccce apparatus are mc, re fully identified as follows:

* Two-stage helium regalator, 100-psi outlet, Harris Calorific catalog No 92- 100A-590

* Two-stage helium regulator, 250-psi outlet, Harris Calorific catalog No. 92-250A-590

• Fuel reservoir, 15-gal, 316 stainless steel

* Water reservoir, 150-mI, 316 stainless steel

• Manton-Gaulin 15S-gph laboratory homogenizer, Model I15M-8TA

All plumbing, valves, and rotameter parts making contact with either the fuel or injection water were of
stainless steel.

*This flow plan, with split stream of fuel-water mixtt~re, was adopted because the homogenizer would not operate without overheating
at the low flow rates required by tlhe coalesc~r sectiorn. Thias problem exists with most laboratory homogenizers and mills. The split-
stream systcm also provides a convenient means for supply'ing fuel-water mixture at constant pressure to the coalescer cell.
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b. Materials

Materials used in these tests include fuels, injection water, and coalescence media.

Test fuels weie used as follows:

Tcs!

No. Fuel

I, 2 Uninhibited JP-5, not further identified

3-21 Uninhibited JP-5 (Batch 23)

22-25 Bayol R-34

26-112 Uninhibited JP-5 (Batch 24)

113-127 Uninhibited JP-5 (Batch 25)

Distilled water was used as the injection water in all the small-scale coalescence tests.

A variety of coalescence media was used in exploratory tests (first 41 tests), as follows:

Coarse WSIM disks
Fine WSIM disks
Filter-separator mid,'" section (Filters Inc)
Standard steam pip- insulation
Unidentified glass fibo'r shee.
Babcock - Wilcox Kaowool
Glass fiber roof insulation, Johns-Manville
Glbss wool
Fentron A+ polypropylene felt
Complete plug from filter-separator element (Filters Inc)
Steel wool
Filter-separator sock material
Whatman filter paper

In tests 42 to 127, only three types of "Fiberglas®" media were used as follows:

Fiber Original mat characteristics
Fiberglas® dia, Thickness, Surface
designation in. in. density, lb/ft2  Density, lb/ft3

FM 003 0.00003 1/4 0.010 0.48
FM 011 0.00011 1/4 0.012 0.57
FM Oi8 0.00018 3/16 0.016 1.01

These media are described by the manufacturer (Owens-Corring Fiberglas Corp) as high-efficiency filtration media
corrtosed of fine glass fibers bonded with a thermosetting resin.

In tests 42 to 127, the final compressed density of the media in the coalescer cell was controhid. In
:nost tests, one of three densities was used: .. 8, or 16 lb/ft'. Desired densities were achieved by using enough sir all
circular disks to provide the proper weight of media for the desired thickness and density.
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c. Procedure

The sequence of procedures used in preparation for a test in the small-scale coalescence apparatus was as
follows:

* Clean apparatus and components

* Install media in coalescer cell

* Pressure check coalescer cell

* Assemble apparatus

* Charge reservoir with fuel

* Start fuel flow

* Start water injection and start test

Before starting a test, the coalescer cell was removed from the apparatus and cleaned by rinsing with
isopropanol, then with acetone, and then air dried. The settling chamber was cleaned by rinsing with isopropanol
and then with test fuel.

In tests up through test 42, the lines were cleaned by pumping isopropanol and then fuel through the
lines. From test 43 through test 127, the lines were cleaned by draining after a test and then pumping test fuel
through the system for 10 min and then taking 30O-ml AEL samples to assure that the free water ratings were 0 to I
mg/liter or less.

Disks of 0.76-in. diameter were cut from the sheet filtration media by means of a circular punch. In
order to obtain the specified media density for a given test, the number of disks providing the proper weight were
packed into a spacer of the proper length. The media were held in place by screen supports fastened to each end of
the spacer.

The airflow resistance of the media, in position in the coalescer cell, was measured at an airflow rate of 8
liters/min, in a calibration setup similar to that used for quality control on ASTM separometer coalescer disks.

In tests 35 to 127, the 15-gal fuel reservoir was charged from a 55-gal lined steel drum by means of air
pressure. The drum was charged, as needed, by means of the pumping system used to bring fuel from the storage
tanks in to the Ai/SS loop. Before entering the drum, the fuel passed through a filter-separator unit. In order to
minimize the danger of picking up water in the drum, the drum was usually filled at the end of the day to take
advantage of overnight settling. Also, the end of the filling tube was about 2 in. above the bottom of the drum. A
similar arrangement was provided in the 15-gal reservoir on the small-scale coalescence apparatus. The end of the
outlet line was approximately 2 in. above the bottom of the reservoir. In addition, the res,-rvoir was periodically
emptied through a drain at the low point in the reservoir.

The majority of the tests were of 20-min duration, and the usual procedure was as follows.

" After startin'- fuel flow, a 500-mi AEL sample was drawn to assure that no free water was preent
in the fuel.

* Water injection at 0.00025 gpm (0. 1% of fuel flow through homoeniizer) wa& started.

"* AEL ratings were then taken at 5-min intervals (tests were ,etminated whenever two succeusve
ratinls of 20+ or higher occurred).
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With regard to AEL ratings, sample volumes of less than 500 ml were frequently taken (usually
200 ml) in an attempt to provide a quantitative measure of free water content where coalescence was poor. AEL
data from the small-scale coalescence tests have been adjusted for sample volume in accordance with the correction
factors given in an earlier report(6 ). Correction fectors for the sample volumes used in the small-scale coalescence
work are listed below:

Sample
size, Correction
ml factors

200 1.50
300 0.92
400 0.7J
500 0.56

All AEL data given in this section on small-scale coalescence tests have been corrected for sample
volume, except where noted.

3. Test Results and Discussion

Five groups of tests were run in the small-scale coalescence studies as follows: two groups of exploratory tests;
a group of tesLs to study effects of media parameters on coalescence; a group of tests to evaluate a gas-drive,
orifice-disperser system; and a group of four tests on two-layer media.

The first group of exploratory tests served to iron out rig and operational problems and to provide an
indication that the major problem in the small-scale coalescence tests would be obtaining quantitative ratings of
effluent free water content. A variety of coalescence media was tried in 24 tests; none coalesced water effectively
enough to provide free water ratings below 17 mg/Q, using 500-ml samples (10 ml/k corrected rating). Test condi-
tions were as follows, Homogenizer pressure 75 to 135 psi, coalescer cell inljt pressure 70 psi, test fuel flow rate 189
mil/min, water injection rate 0.1% of fuel flow rate, and test fuel temperature in the range of 63 to 86°F, with most
tests in the 78 to 82 0F range.

Effluent free water content was so high that it was impossible to get AEL free water ratings in most tests.
Therefore, visual comparison was used to provide a relative rating of free water content. Samples collected from the
discard line with various rates of water injection were used as the standards:

Water injected,
mgON Rating

34 0
64 1

122 2
197 2
306 3
429 4

1000 4

Suring a test. fuel samples from the discard line and from thL test cell .utlet were collected in separate test tubes
and compared to give a rating for the test-cell effluent

Although the method provides only a qualitative rating of free water content, it was possible to show that
apprectable difierences in coalescing ability existed amonl" the various media. The results of these first 24 explora-
tory tests are presented in Table 80. One' of the most significant conclizions from these tests is that all media caused
sme C1a13-sece. In all tests, effluent fuel tube ratings were lower than discard fuel tube ratings (these were 4 in all
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TABLE 80. WNMIAL EXPaOF:ATORY SMLL.SCALE
COALESCENCE TESTS

H amoge~wrpenme: 754135 pm Tatiescl wktpeume. 70 po
Water .jecam rate: 0.15 Tet cell nt am -c"- W3-•*F

_ _&-I I_ _ __ _Test Of T% = I•

2 IP-5 Fine (red) WSIM $ i3
3 FP-5 DOD wrnilewrap i! V.Y dWy Wbud 5 -

I~ I wi
4 IF-5 Fie (red) WS! IA GNX* WasliN am 5 -
5 JP-5 Steam wrap, wted) ?in. I Clea 20+ 0at sSuim

ancempresse
JIP-5 DOD midcle wrap 2 7116 cearwih 20at 15 lat 1O Ig1 wa~su droif i

7 JP-5 ltisilatio@. umnsbfied 3 V2 Olear w2. - t
Unad droles

8 JP-5 Woo blanket 1I4' V2 clear with I atSm
8 lb/cus ft small droplts

9 JP-5 DOD elnent plg I plug 1/2 - 2lt3min

20 JP-5 1 fine WSf) disk & note 1!2 kd 17-20 at 0a1511301

2" of uncompessed mEdia doud" 20 min
sta wrap (taed,

I P-I 1 fine WSIM disk & note 112 Cloudy - 2 at min

2 of uncompressed media
steam wTap (ummed)l

12 JP-5 4-5181 of fiber- note 1;2 Sightly - I at 5 m

glass roof ins. med& Lioudy

13 JP-5 Medium glass wooz Hand 1/2 Very cloudy -- 3at 5 min
p a c ke d 

t i
14 JP-5 Polypropylene felt 2 7116 Cloudy - 3at man
is $P-5 One fine WSIM disk& See 112+ 112 Slightly 5- ! at5nin

1/2" used steam pipe media cloudy 2 at 16 min

wrap + 8 coew-e WSIM
disks

16 JP-5 One fine WSIM disk, See I Ful cloudy t0 ar 5 in

2' used steam pipe meia streaks

wrap, and 8 coarse
WSIM disks

17 JP-5 Special test for establishing approximate water contents for tube ratings.

18 JP-5 Filters Inc element See 3/4 Cloudy - 2 at 15 min

plug witll sock media

19 JP-5 Filters Inc element See 3/8 Slightly - !at5rin

plug with sock I media I Cloudy

20 JP-5 Special test with variable fuel flow rate - described elsewhere.

21 JP-5 Special test with variable fuel flow rate - described elsewhere.

22 Bayol R-34 One fine WSIM disk & See 1/2 Slightly - I at 5 min
2" steam pipe wrap media cloudy 1 at 10min

23 Bayol R-34 8 fine and 8 coarse See 1/2 Slightly - 1 at 5 min

WSIM disks, alternating media cloudy I at 15 min

24 Bayol R-34 Two fine WSIM disks, See 1/2, Slightly - I at 5 min

891 mg steel wool, 2 media cloudy
coarse WSIM disks

25 Bayol R-34 One fine WSIM disk & See 1/2 Slightly - 0-I at 5 min

2" uncompressed used media cloudy 0-1 at to min
steam pine wrap

• 500-r n9 sample.
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TABLE 81. SECOND SERI.ES OF EXP.ORATORY SMAL-LSCALE
CWALESCENCE TESTS

Fuel: JP-5 Homopnizer p.e••te: 70-100 psi Water injectiop rati: 0i.
Test cell inlet pressure: 70 Test cell inlet temperature: 65* to 714F

Test no. .%edia Thickness, in. AFT- r~hig,* me

26 One fine and one corse WSII disk 4/16 20+-+ at 8min
27 Two fine and tw,) comse WSIM disks 118 Below 12 for 27 rrin
28 Four fine and four camrse WSIM disks 1/4 Below 10for 24 n-rn
29 Four fnw and four coarse WSIM disks 1/4 Below I Ifor 20 rin
30 Four fine and four corse WSIM disks 114+ I16 20+++ at lI nain

plus one caurse WSIM disk
31 Four fline and four coarse WSIM disks 1/4 20+++ at 3 main
32 Four fine and four coarse WSIM disks 104 ++ at 2 min
33 Four fine and four coarse WSIM disks i /4 20"-H- at 8 mrin

plus cottor sock
34 Four fine, four coarse WSIM disks, 1/4 20+-H at 8 min

znd one thickness Whatman filter
paper

3M Four fine aad four coarse WSIM disks 1/4 23+++ at 8 min
36 Four fine and four coarse W3Ilv disks, 1/4 18-19 at 6 min

and one Giickness Whatman filter
paper

37 Four !.U: WS!M disks, one thickness 1/4 20+++ at 6 min
Whatman filter ?)aper, four coarse
WSIM disks

38 Four fine WSIM disks, two coarse WSIM ý/4 20+ at 5 min
disks, one thickness Whatman filter
paper, two coarse WSIM disks, and one
thickness Whatman iliter paper

39 Four finr and four coarse WSIM (:isks 1/4 1 at 17 min
plus I layer of cotton sock

40 DO'1 element plug 1 4 at 12 min
20+ at 17 min

41 I DOD elem'ent plug 1/2 10 at 9 minj _204 at 13 min

*Cozrcctcd for sairple size except for 23+, 20++, and 20+++ ratings.
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The mrirw' of earlier mocek and the eqploazcy nuis indicated tiat the small-scale coa~escer ArP Araius, indud-
img the hnwagenizer, could be used in rating the per-tannanca2 of varim ouscalesnce mnedia- The number of
peametes iniulvad in thiliying coalescence media is sizable and includes the fllowing: nmeda form (fibers.
pasfrs, porou s rucinre) media matenia (&wss metak.s cerazuic- oranic comrpounds. natural fibers, etc.) size and
'wwssbet of openings in raedia uz' of particles at fibers thi.knsm of media. and nmber of layers (each layer b'.ing
subject to the san'e nmuber of paramters).

It was decided to study the effmss of three parameters on the coalescing behavior of fiberglass media as
follows:

Fiber- size (0-00003.O0.000'.1. ax4 0.00018 in. dia)
Media density (4, 8, and 16 lb/fl3 )
Media thickness (1 /8, 1/4, and l,'2 in-)

The test program wss set up as a ftill-factorial experiment, with duplicate runs at each combination of parameter
values.

71he results; of the teses -,o study effects of med"- paramneters on coalescence are given in Table 82.

In order to condense these data for examintation, an average AEL rating was calculated for each fiber
diameter-densit yqnedia thickness combination, using all the data in Table 82. In order to make these calculations,
20+, 204-4, and 20-i++- ratings were ar-bitrarily assigned values of 30, 50, and 100 mgiR, and sample volume
corretioas were Jiso applied. The result irg averages are shown in Table 83.

Table 83 also gives overall averages for each density, each thbickness, and each fiber diameter. Examination of
these averages indicates the following trends:

best density: ?6 lb/ft3

best thickness: 1/4 in.
best fiber diameter: 0.00011

Possibly it is only fortuitous, but the best performance of the 27 fiber diamneter-density-thickness combinations~ was
fur the 0.00011 -hi.-dia fiber, 16 !b/ft3 donsity, and 1/4-in, thickness combination.

li was originally planned to also study the effects of multilayer mnedia, but timie permitted only four tests on
two-layer media, see Table 84. The results indicate that coalescence was good in these tests. At least, quantitative
AEL ratings (using 200 ml sampies) were obtaired throiughout these tests, indicating that free water conten's di'! not
exceed 20 nig/R.

A total of eight tests were run to try out the use of a htelium-drive, orifice-disperser system whiýh wouild not
require the use of the homogenizer. Preliminary experiments showed that vei,! fine, uniform water dispersal could be
obtained by using pressures of 80 psi and 85 psi to drive the fuel and water, respectively, and a 0.016-in-dia orifice.
Test results presented in Table 85 indicate that coalescence was generally very poor in t:* ;e tests. However, due to
the 40- to 60-psi pressure drop across the orifice, many bubbles were present in thL fuel downstream of thu orifice.
.L was felt that the bubbles would interfere with coalescence and the orifice-disperser sysicin wais abandoned.

The airflow resistance of the media was measured before nearly all tests. This was accomplished! in the
apparatus regularly used for checking airflow resistance of WSIM discs, The pressure drop across tlte irtedta was
measured at an airflow rate of 82/mmn. The pressure drops for individual test media are given in Tables 82 arA4 "S. A
plot of logarithms of average pressure drop versus logarithmn of density for different media thicknesses ii-d fiber
diameters is shown in Figure 12. In all nine combinations ol media thickness and fiber diameter, the plots very,
closely approximate straight lines.
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TABLE 82. SMALL-SCALE COALESCER TEST RESULTS

Homoenizer pressure: 70 to 90 psi Test cell inlet pressure: 70 psi -

Wr,,er injection rate: 0.1% Test cell inlet temperature: 660 to 7S°F

Tet Fiber Compressed Thick ess, cell rk s AEL rating:[ in mg/2 at
T diameter, density, ncThickness, _cllApsi indicated time n)no. in. Ib/ft3 in. Air Fuel Pre-test 5 10 15 2'0

flow* flow? .

42 0.00003 8 0.50 5.02 20 0 20+++ ... ... ...
43 0.00003 8 0.25 2.35 16 0 13 18 ... 32

44 0.00003 8 0.12 1.47 10 0 31
45 0.00003 8 0.50 ... 18 0 20+ --- -- ..

46 0.00003 8 0.25 3.44 14 0 20+++ .2... ...

47 0.00003 8 0.12 2.78 20 0 9 ... 29
48 0.00018 16 0.50 0.66 14 0 I1 13 27 31
49 0.00018 16 0.12 -0 3 0 29 18 20++ 1
57-A 0.00018 4 0.50 0.48 3 1 7 "7 12 11
58 0.00018 4 0.12 0.10 3 0 2091++ ... . 2-...

59 0.00018 16 0.25 0.19 4 1 2 6 6 4

60 0.00018 16 0.50 0.58 4 1 1 29 20+ 2041-
61 0.00018 16 0.25 0.20 4 0 2 6 6 6
62 0.00018 16 0.12 0.14 4 1 15 27 31 20++

64 0.00018 8 0.50 0.15 4 0 12 J2 120 12

65 0.00018 8 0.25 0.08 4 0 71 12 23 20+
66 0.00018 8 0.12 0.08 3 0 29 20+ 20++ 20+++
67 0.00018 8 0.12 0.06 3 0 20.++ 20+++
68 0.00018 8 0.25 0.10 4 0 2 2 2 4
69 0.00018 8 0.50 0.14 3 0 24 20 21 23
70 0.00003 16 0.25 0.0 43 0 12 is 31 31
71 0.00003 16 0.50 0. 64 0 204.+ .- 0+++ 20+++
72 0.00003 16 0.2 4.98 20 0 1. 12 12 29
73 0.00003 16 0.50 0.0 15 0 20+++ .
76 0.00018 8 0.50 0.15 4 9 7 I0 I0
77 9.00018 8 0.12 0.08 3 0 2013 2L)+++ ---
78 0.00018 8 0.25 0.08 3 0 8 124 15 29
79 0.00018 8 0.50 0.13 3 0 29 27 27 27
80 0,00018 4 0.25 0.07 4 0 1 2 2 4
81 0.90018 8 0.12 0.03 3 0 204++ ... ... 20+++
82 0.00018 4 0.25 0.00 3 0 --- 2 1 0,12
8.3 9.00018 4 0. 12 0.01 3 0 2{i,+++ ---. ... .

FA 0.00011 4 0025 0.03 3 0 30 32 24,+ 234+1
H5 0.000}18 4 0.50 O.Oo 4 0 13 15 13 13

86, 00o0018 4 0.25 0.03 3 0 30 20+ 20++ 20..
87 0.00018 4 0.12 0,0 3 0 20++ ... o... ++
As• 0,00018 4 0,50 0.05 3 0 20+++ 20+++ - 10+++

0.(0.018 4 0. 0.5 0.01 3 0 20++ 20 . 20+ 2++ODt) 0.018 4 0.is O0.24 1 2÷+4 '0+++ N.-"0+4 2()++-
I,• G} 00018 Ag .S(0 " .04 0 to 24 -31 .0*

,U o (X I•ls 4 0-.25 0 0 . 0 23 i30 20+ (0,t
'L .(gl8 4 O.+12 0.01 31 0 0'()4+ . . 20+*

"'i) oAK 19 Wo.f) 041 4 0~ :° .1+ 14 0+ 0

IOU
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TABLE 82. SMALL-SCALE COALESCER TEST RESULTS (Cont'd)

Homogenizer pressure: 70 to 90 psi Test cell inkt pressure: 70 psi
Water injection rate: 0.1% Test cell inlet temperature: 660 to 78OF

Fiber Compressed T ns C el , AEL rating$ in mg/Q at

Test diameter, density, T F indicated time(
r, . i . bf in. Air Fu Pr -et1 5 2

lb/ft3 flow* flu~wt I

95 0.00018 16 0.12 0.08 3 0 2 2 4 4
96 0.O001 16 0.25 0.21 3 0 204++ ... 20++
97 0.00018 16 0.50 0.49 3 0 20+*t" 20+++ .-. 20++
98 0.00018 16 0.25 0.22 4 0 7 9 10 9
99 0.00018 16 0.12 0.09 3 0 20++ 20+++ 20+++ 20+++

100-103 See Table 84
'04 0.00011 4 0.50 0.13 3 0 I 2 4 4
105 0.00011 4 0.12 0.03 3 0 20+.+ . -.. 20+++
106 0.00011 4 0.25 0.06 3 0 27 31 20+++ 20++-
107 0.OGOi 1 4 0.12 0.03 3 0 29 20+4 -. - 20+++
108 0.00011 4 0.50 0.15 3 0 2 5 5 4
109 0.00011 4 0.25 0.06 3 0 204++ 20++. 20+++ 20++
110 0.00011 8 0,25 0.18 3 0 20++ 20+++ 20.+. 20++
111 0.00011 8 0.50 0.32 4 0 4 20++ 20+++ --

112 0.00011 8 0.12 0.07 3 0 20+++ 20+++ 20+.. 20++
113 0.00011 8 0.50 0.36 5 0 20+ 20+ 20+ 20+
114 0.00011 8 0.25 0.16 3 0 4 12 - 12
115 0.00011 8 0.12 0,08 4 0 4 13 27 20
116 0.00011 1 0.50 0.97 5 0 0 0 1 2
117 0.00011 16 0.25 (i50 5 0 1 1 3 2
118 0.00011 16 0.12 0.19 4 0 5 5 S 6
119 0.000i1 16 0.12 0.12 4 0 2 3 4 5
120 0.00011 16 0.50 0.97 5 0 j20+ 204 20++ 20+++
121 ýVrl 1 16 0.25 0.46 4 0 3 3 3
i22 0.00003 4 0.12 0.50 5 0 -20++ . . ..
123 0.00003 4 0.50 1.97 8 0 20.-++
124 -0.C0003 4 0.25 1.20 7 0 20N+ + . 20++÷ 20++

-25 0.00003 4 0.12 0.46 4 0 20+.. 2u-++
126 000003 4 0.25 1.20 4 0 204 .
127 0.00003 4 0.50 2.16 9 0 20..-+4+

S, 1
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TABLE 83. AVERAGE AEL RATINGS FOR MEDIA FIBER
DIAMETER-DENSITY-THICKNESS CGMBINATIONS

Compressed Fiber Average AEL rating
density, dia, (m4 /t) a indicated thickness

lb/ft3  in. -I8 In. 1,14 w. 1/2 in.

4 0.00003 150 131 150

0.00011 126 120 3
0.000 t 4 5 ISO 81 37

8 0.0000- [ 23 53 98
0.00011 83 74 58
0.00018 119 11 18

16 0.00003 16 22 150
0.0f011 4 2 [ 40
0(41018 59 27 59

O-•ef W- average v by classes

Fiber diameter: 0.00003 264
0.00011 172
0-00018 187

Density- 4 316

8 181
16 126

Thickness: 1/8 243

1/4 204

TABLE 8.. SMALL-SCALE COALESCER TEST RESULTS,
MULTILAYER MElIA

,.' z- !:e--ur: , 7Z pi Test cell inlet pressure: 70 psi
S• tI • '.i. " (O.'- Test cell inlet tempr rture: 66- to 68'F

SFn, t x. d lj.•. Secol .media vesr Coalewcer AEL rating** in mg/2nm .. Cc -edie ..kxr"m ce ;i S .•T"! C tw.. t 1!: . ,e ; r . -t indicated time (min)
C M .i5 1 1110 15 20•bfr i ... I I-" '171-..,

So 10 4 05 [0 0.I'!4 4

-li , t ol• iu 3 I 025 C 3

11,2

___ ___ _ _ __ _ _ ___ __ ___ ___ __ ___ __ __



TABLE 85. SMALL-SCALE COALESCER TESTS RESULTS-HELIUM DRIVE

Helium presure: 80 psi on fuel Test cell inlet pressure: 20 to 40 psi
Orifice diameter: 0.016 in. Test cell Inlet temperature: 66

0
F to 74oF

Water injection rate: 0.1-

I ~Coalescer
Fiber Compressed Thickness, cell , AEL rating; in mg/Q at

Test diameter, density ine 'r c el indicated time (rin)
no. in. lb/ft3 I fiow Flowu Pre-test 5 10 15 20

50 0.00003 8 0.50 4.40 18 0 20+++ 20+++ 20+.. 2.++.
51 0.00003 8 0.25 3.90 15 0 5 21 20++ 20++
52 0.00003 8 0.12 1.85 11 0 I 28 28 20++
53 0.00003 8 0.25 3.47 15 0 13
54 0.00003 8 0.50 4.86 17 0 20.+. 2('+++ 20+.+ 20+++
55 0.00003 8 0.12 1.93 10 0 20.+. 20++t 20+++ 20++4
56 0.00003 8 0.50 --- 14 0 20.+. 20+++ 20+++ 20+++
57 0.00003 8 0.25 --- 11 0 20+e. 20.+. 20+T+ 20+++

"Measured at 8 Rlmin airflow.
t Measured in small-scale coalescer before start of water injection.
t.Coffected for sample volume except for 20+, 20+4, and 20.+. values.

• l2-in ' thic~k 0.000033-in. films :
thkkl 0I~n -Ib
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The differential pressure of the c3olescer cell was also measured when fuel was flowing during the coalescence
tests. Flie differential pressure measured just before the start of water injection, reported in Tables 82 and 85, would
also be expected to vary regulerly with media density and thickness. The test data for 0.00003.1n..dia fiber media
show such a relation (see Figure 13). In the cEse of the coarser fibers (0.0001 I-in. and 0.00018-in. die), the rznge of
fuel-flow differential pressure was too limited to demonstrate clear-cut relationships between pressure and media
thickness and density. Definite relatioas between these variables no doubt exist, but the differential pressure data
were not sufficiently accurate nor precise to reveal these.

so -• / 11'4 -n . Thic

It"~ Thic

r 010t

0

"• 0.000034m 9 bin

100

O l

II 16

FIGURE 13. FUEL FLOW PRESSURE DROP OF

COALESCENCE MEDIA VS MEDIA DENSITY

Using the data for the 0.00003-in.-dia fiber media, good correlation between airflow and fuel flow differential
pressure is obtained as shown in Figure 14. The forrgoing results show that valid correlations between airflow and
fuel flow differential pressures can be obtained. In the airflow pressure measurements, test conditions can be easily
and precisely controlled and extraneous influences are minimized in contrast to fuel flow pressure measturements. it
is suggested that in future coalescence studies, media flow resistance be characterized on the basis of aArflow

measurement, perhaps in conjunction with differential pressure measurements taken during the coalescence tests.
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4. Conclusions and Rwommendetdons " --"

On the basis of test results, the best of o
nine combinations of parameters for conven- .0 dM W f-wn

tional glass-fiber media (fiber diameter, density,
and thickness) in removing dispersed free water
from fuel was 0.00011 .in.-dia fiber, 16-lb/ft3  *

density, and 1/4-in. thirkness. -3. .

Results from a limited number of tests on 22
two-layer media suggest that a combination ofdense and less dense media (in the direction ofoo

fuel flow) can provide good coalescence. This is
in accord with common design practice. o

The results indicate that the test methods
could distinguish between the coalescence per
formance of several glass-fiber media. Con- I P OW

tinuation of this work should provide futher
informatki,, about the effects of the media FIGURE 14. CORRELATION BETWEEN FUEL
parameters and the effectiveness of media other FLOW AP AND AIR FLOW AP
than that wade of glass-fibers. One very
important aspect of the coalescence studies which was not attempted in this program, but which warrants attention,
is the correlation between small-scale coalescer tests results anl filter-separator test results.

It is recommended that improved uniformity in test conditions would result f-om a design using either an
outside-pressurized bladder or a large-displacement, one-stroke piston to drive tha test fuel, in conjunction with
6ithei an orifice, a mechanical disperser, or an ultrasonic disperser. Such a system would avoid gas-bubbling problems
associated with gas-drive systems, as wAl as the pump wear debris and pulsating-flow problems associated with
pump-drive systems.
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SECTION VIII

MISCELLANEOUS

1. Media Pluging at Low Temperatures

a. Introduction

The phenomenon of accelerated element plugging under low-temperature field conditions was the sub-
ject of this study. Analysis of elements which had exhibited premature plugging under •ach field conditions had
revealed nothing unusual except high contents of glycerol, and the problem had been tentatively attributed to trace
amounts of insoluble glycerol in fuel-FSII blends. At the nominal use concentration of 0.1 vol % FSII in the fuel, the
total glycerol content of the fuel is 0.0004% (4 ppm) when using the FSII that was standard at the time this work
was performed*. It has been stated that the content of insoluble glycerol in such fuel blends is about 1 ppm; how-
ever, this can be only a rough approximation, since the glycerol solubility must be influenced very markedly by the
water content of the fuel, as well as by fuel aromaticity and temperature.

Preliminary efforts to design an apparatus which could closely duplicate actual field conditions on a
small scale centered on a pump-drive system using a small gear pt.mp of the same type as those used in separometer
and fuel coker equipment. This system proved completely impractical, since the quantities of solid material in the
fuel passing through the media were so great as to invalidate any plugging results. The mat•,ial was almost certainly
pump wear debris. The system was then rebuilt using helium drive.

b. Apparatus

A stainless steel fuel tank was pressurized to 70 psi with helium to drive the fuel through the rig. All
tubing used was stainless steel, except the cooling coil, which was aluminumt. By proper choice of flow plan and
physical arrangement of components, gas-bubbling problems were avoided. The flow plan of the apparatus is shown
in Figure 15. Designed in this way, the rig operated very smoothly, and the data u4., be accepted with confidence as
representative of the actual behavior of the fluids rather than vagaries of the test system.

The test cell used was similar to that of the ASTM water separormeter. Inside diameter of the cell was
0.75 in. and depth was 0.50 inch. Spacers (orifice disks) were used to reduce the compression gap to 0.0 72 inch. The

Ho Mman-t.r

FlOW To Wavte

Control

Pnavurt !

Cov h, g Th erom t r

Coil

AEL

Fil L Ssnm!e
l eCooling th BotW.

Fuel Shut-Off Valve

FIGURE 15 SMALL-SCALE MEDIA PLUGGING APPARATUS

*The FSJI used in this w, .k confornod t o MIL 1-27686D and contained 0.4% glycerol and 99.6% ethylene glycol monomethyl

ether (EGME).
+Copper tubing, used in early work, appeared to contribute contaminants to the fuel under some conditions.
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orifices ir. the ýpacers and in the cell itself were 0.18 to 0.19 in. in diameter. The spacer used immediately upstream
of the media had an orifice diameter of 0.19 in., and this is the value used in calculating flow area, velocity, and
throughput ratio.

The test cell was located within about 2 ft of the cooling coil outlet (see Figure 15) to minimize heat
pickup ;., the line, and all cold lines and the cell itself were heavily insulated. At the normal operating conditions of
100 ml/min, holding the cell-inlet fuel temperature at 35 0 F, a cooling bath temperature of about 18°F was required.

For the work reported here, each set of test media consisted of a fine and coarse separometer disk, cut
down to 0.75 in. in diameter. fhese were installed in the cell so that the fuel flowed first through the fine and then
the coarse disk. The cut-down disks were weighed and checked individually for airflow resistance in the same cell
used for the test, with an airflow rate of 8 Q/min.

c. Program and Piocedure

This program was started using ASTM reference-grade iso-octane as the base fuel, in order to avoid
possible complications with fuel aging and gum precipitation during the test series. Not enough iso-octane to
complete the program could be obtained on a timely basis, so the major portion of the program was run with
uninhibited JP.4 base fuel. This was blended with FSII (0.4% glycerol) or with EGME (glycerol-free FSII) in
concentrations of 0.15 or 0.25%.

Each test was run on 36 Q of fuel, filtered through a 0.8,u membrane filter, and blended with FSII or
EGME according to closely controlled procedures that are outlined below. In the following summary of the test
series, all tests (unless otherwise indicated) were run on JP-4 fuel at a cell inlet temperature of 35°F, with a time
lapse of not more than 2 hr between final filtration of the fuel and the start of the pumping test.

Run FSII, Procedure and
no. Vol % blend container

14 0 A. Tank Iso-octane base fuel in Runs 1-2
5-6 0.25 B. Unlined cans

7-11 0.15 B. Unlined cans Temperature 77'F in Run 9
EGME additive in Runs 10-11

12-13 0 B. Unlined cans 18 hr in can (Run 12)
2 hr in can (Run 13)

14 0 A. Tank
Is 0 B. Lined cans

16-18 0.15 C. Tank EGME additive in Run 18

In Procedure A, the fuel was prefiltered through a membrane filter installed in the fill line of the fuel tank of
the apparatus (see Figure 16), evacuating the fuel tank to draw the fuel through the filter. This filtered fuel was then
used in the test without further handling. No FSII or EGME was involved in any of the fuels handled by Procedure A.
The time lapse between filtration arc start of pumping test was very short.

In Procedure B. base fuel was prefiltered into cleaned cans, blended with FSII or EGME, if applicable, and
then drawn directiy into the fuel tank without further filtration. This procedure was intended to bring into the test
system any insoluble material precipitated from the fuel by the addition of FSII or EGME. Howevei, any insoluble
material that settled out in the blend cans would not be brought into the test. Storage time in the cans was less than 2 hr
except in two special tests where it was stored for 2 and 18 hr. If no additive blending was involved, as in Run 15, the
time lapse (storage time) was very short.

In Procedure C. prefiltered base fuel was drawn into the fuel tank, line-blending the additive by injecting at a
rate to approximately match the final additive concentration (see Figure 17). This method minimized the probability of
Ising insoluble matter before it reached the test filter during the pumping test. The time lapse between filtration and
start of the pumping test was very short.
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All blending and charging operations were conducted at normal laboratory temperature. No attempt was
made to contirol the dissolved water content of the base fuel. All eqi.!ipment and blending containers were cleaned
thoroughly to remove extraneous solid contaminants.

When starting a test, flow was directed through the bypass line until conditions were st:.bilized, then
switched through the test cell. Zero time was selected as the time at which pressure rise became more mec1erate
following the very rapid pressure rise accompanying th: start of flow through the cell. Assigning the zero time was quite
difficult in tests that gave rapid plugging.

In most cases, AP readings and system conditions were recorded every 10 min after the start of the iest. The
fuel flow rate was maintained at 100 mI/mmn for 251.75 miii. In some tests performed at lom mpetiicature, flow was
continued after 251.75 minutes. and the cooling bath was removed until the fuel temperature came to equilibrium with
ambient A post-test manometer 4eading was recorded when the decreasing .12 stabilized.

d. Throughput Calculations

A tlroughput of 10) mil/min for 251.75 min (25.175 Q) corre-ponds to a throughput ratio of 235 gai/in2 of
tilter surtace, usisil the 0. 19-in,. orifice diameter to define the filter surface area. O)n this same basis, the superficial flow
velocity is 17.93 Ihnin. For a military-standard element processing 50,000 gal of fuel at 20 gpm, the throughput ratio is
238 gai/ln 2 and the --uperficial flow velocit%. is 1.84 ft/rirn.* Thus, it can be seen that the experiment matches the field
condirio-is closely on the basis of throtughpt't ratio, but the flow velocity in the small rig is appioxiri-ately 10 tinies that
otf Ite fvl-si:'e element. The higher flow velocity was chosev in the program in order to bi.ng zhe test period within
ieasonable linits. It should be noted that the calculated velocity ot' 17.93 ft/m~n in the cell, basei cn the 0.19-in. oriflice
diameter, is not ically representative of the true conditions in the cell, since the fuel stream undoubted~ly spreads out
through a greater area of the bed. Based on measuremcnts of media stain diameters, itappears that the true Superfic-al
velocity in the- ce muit he somewhat undcr 25'., of the nominal P'.93 ft/m~ill; iLe., somewhat inder 4.5 ft.1min. A
comparison or calcuilated v4elocities and tnrooghputs is given in the fo~lowing table-

Superfic~ialTrogut
velocity, Thoghoutn

ft/min

Mil-sld element. 50,000 gal 1.84 238
Small-scale apparatus:

Based oil 0.l1Q-in. orifice 171.93 235
Based on estimlated flow area <4.5 <60

e. Test Results and Discussion

Data obtaiined in all 18 runs on the gas-drive plugging rig, are sumniari~ed in Table 86, and the pressure-
drop data are plotted in Figures 18 to 23. Fluids without FSII or EGME tested immediately after filtering (runs I 'j,
14 and 15) gave practically no plugging (Figure 18). In contrast, Runs 12 and 13, pertormed with uninhibited JP-4
that had been filtered into and storedl in unlined, steel cans, gave moderate media plugging. A plot of the values
obtained, shown on Figure 19), indicates that the press;ure-drop irecrcase wa- almost linear througlIoLt the tests. This

isin marked contrast to plugging rates ohtained Withi FSII-blended fuiel:,. whete the pressure-drop increase rate
ilended toi diminiih Wilit tost timne. T'he behavior of' the fuel in Tests 12 avid 13 suggests the possibility of foreign
contatiination or of timie-dependent changes in the fuel (such as aggregation of colloidal gum particles) or chemical
lejcrroln, At the ftnA Willi 1he (onlijitr.

For the leslt on JP-4 with [511I (Tests 5.9. 16, and] 17). the data, ~is shown in Figures 20, 2 1, and 22,
define genicalls nimoth curves, except that very definiite chianges; in slope, i.e., changes in plugging rate. are evident

* I11c ',jltue% oi iirougiput ratio atnd veloc'iý tor the mititary' s:.ndard elennent were calculated on the basis of a flow area of 1353
tio' (01 7 111-, whitl ý tive asel .ge o~lido %uriace .irea of eight elements that were measured. The throughput of 50.000 gal

per elemient ora'sponds it) t 3.500. i 1g..! ilircm gh .1 t,(Ot rwi fit a: -ser a w~
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at certain times, lThese changes would menifest themselves when a plugging rate that had previously been well
stabilized would suddenly increase with no change in system conditions. Sibsequently, the plugging rate would
gradually stabilize ard again follow a smouth c,ive, until the next "jump." All of the curves for runs on fluids
containing FSII showed instances of the same sort of behavior. However, in the single run at room temperature
(Figure 22), there was less plugging and the "jumps" were nc~t very evident.

All curies for tests on fuel-FSII blerAs were ,oncave downward, that is, the plugging raie tended to
diminkh as the test progressed. rhe superimprised "juinps" did not change this overall trend.

Runs 10, II, and 18 (see Figure 23), performed on f'ael-EGME blends, gave rather erratic data. Miedia
plugging in these three tests ranged from light ý/ heavy, and plots of values obtained were somewhat like those
obtained with fuel FSII-blends. The phenomenon of breaks in the plugging ratz was much more evident with the
fuel-EGME b!ends, and in two tests was quite severe. Although noncotCusivW, the findings of these tests do suggest
strongly that gly.erol is not the sole cause of premature element failure at low temperatures.

The general trend of the plugging curves obtained with fu, l-FSII and fuel-EGME blends. i.e., concave
downward, is evidence that this plugging represents a buildup toward an equilibrium condition. Assuming that some
itsoluble liquid constituent of the test fluid is stirking on the fibers of the media, the first effect will be a rapid
increase in pr-!ssure drop a, the passages available ;or hydrocarbon flow become restricted because of an effective
enlargement of ,he fibers. When the liquid coating of the fibers has built up to a certain equilibrium -'t;rness, this
liquid will tend to migrate through tha bed and will attain an equilibrium condition in which the amount of
insoluble liquid leaving the bed (per unit time) is the same as the amount entering. This interpretation accounts or

the concave-downward shape of the curves and the
"general trend toward leveling out. Graphic•I analy-
sis of the curves has indicated that they are hyper-
bolic, approaching asymptotically some limiting

14, 026 Ppressure drop. This behavior is in marked contrast(Rum 5, 0•

to that observed when media arc being plugged by
loading with solids at a constant rate; there 'he
typical curves are concave upward and generally

o15sFs,, represent exponential curves of the fo-m P - P, =

Aek'ý. Such plugging with solids represents a cumu-
lative effect so long as no significant amounts o4
solids pass on through the bed. If •ignificr

I' amounts of solids do pass through the bed, the
It• /u / 1.0,1,.= It resultant plot will be expected to be somewhere

6. between a lýyperbolic and an exponential curve.
This reasoning leads to a possible explanation for

Swim 'the behavior observed in Tests 12 and 13. In these
tests, fuel which had no FSIl or EGME had been

stored, in one case for 2 hr and in the other for 180 ISFS11 17"F

114ý2,1 hr. in unlined metal cans prior to testing. The pos.
sibility t~f fuel contanrastion by solid material
during this storage is suggested by the shape of the

0 o pait :;tained (see Figure 1Q).

Figure 24 represents the plots )f the
average of all the data available for each different
test condition. It ciearly shows the different

_____________behavior of each of the test fluids with respect to
media piugging rate at low temperature and the

behavior of one test fluid at room temperature.

FIGURE 24. AVERAGE VALUES OBTAINED UNDER In plugging of media by liquid or em,-
VARIOUS PLUGGING TEST CONDITIONS liquid material, the curves obtained would be
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perfectly smooth and hyperbolic if the fli,,t enteri'tg the bed were of constant composition with respect to content
of insoluble liquid. This situation would exist if the insoluble liquid or semiliquid material were dispersed uniformly
in the fluid in extremely small, possibly submicroscopic droplets. However, once a "slug" of the insoluble liquid hits
the bed, the behavior must change. This slug may be (and probably is) still a very small droplet, but large in relaticn
to the amount of insoluble liquid retained on a fiber. When such a slug hits the bed. the pressure drop will juanp, but
will again tend to level off and may evei decrease as the excess insoluble liquid works through and out of the bed.
This interpretation is consistent with the segmented nature of the curves obtained with FSII and EGME blends.

What we are seeing in the data plots are probably the effects of only the larger droplets of insoluble
liquid. Smaller droplets might have the san.e effect, but could not be detected.

It will be noted from the data plots and from Table 86 that the additive-free flouds which were not
stored in unlined metal cans gave pressuire-drop increases of only 0.10-0.62 in. Hg. The JP-4 with FS1I gave
pressure-drop increases of 6 to 12 in. Hg in the low-temperature tests and about 2 in. tig in the iown-temperature
test. There was only a slight difference between the 0.15 and 0.25% levels of FSII content, the formrer giving 6- to
9-in. Hg buildup and the latter 7- to 12-in. Hg. This lack of any significant effecf of FSII concentation is ini accord
with the theory of equilibrium buildup of an insoluble liquid or semiliquid in the bed.

In 10 of the tests (Runs 3 to 5, 11 to 16, and 18), flow was continued imnough the ccll after the test had
been completed and the cooling bath had been removed, so as to obtain manometer readings after waimup. These
are listed in Table 87, along with calculated values of pressure drop at 7frF before and after test. The calculated
values are obtained by multiplying the respective 35°F readings by the viscosity ratio (cs-,,/cs 3 5 - 1.01/1.40). In the
case of the initial values, the calculated pressure drops are the only 770F values available, since flow throug, the call
was started with chilled fluid. The calculated initial 77°F values are subject to the same error as the actual 35°F
readings from which they are calculated, i.e., error introduced by ambiguity in defining the "zero-time" reading in
many of the tests. In the case of the values obtained after warmup, the pressure drops calculated for 770F may be
compared with the actual readings obtained after warmup to 69 to 75°F and with the calculated initial 77°F values,
thus obtaining a measure of the type of plugging. Here we may define "permanent" plugging as that remaining after
warmup, and "temporary" plugging as that which disappears. Physically, permanent plugging should be caused by
solid, high.melting particles or by equilibrium buildup of liquid materials; temporary plugging may be caused by
solids that melt during warmup, or by liquid materials that tend to dissolve or wash out by entrainment when the
bed iq warmed.

TABLE 87. AP READINGS AFTER WARMUP IN MEOIA PLUGGING TESTS

Test data for indicated runs

Test conditions -3 4 5 -t i 2' 3t 14 is l 18

Vol % additive none none FSI! EGME now, none none ncie FS!! EGME
0.25 0.15 0.15 015

Test temp, F 35 35 35 35 35 iS 35 35 35 35

Manometer readinp, in. H
Initial at 77-F (cakd) 2.13 2.00 2.92 240 2.10 2.49 I.86 2 18 3.75 1.94
Initial at test temp 2.95 2.78 4.05 3.33 3,1 # 3.45 _'.S9 3.03 5.2-0 2 .6)
Final at test temp 3.11 2.,8 16.26 g.19 8.75 8.35 2.79 ).50 11.70 3.11
After warmup 2.60 2.38 8.55 4.25 1.49 3.31 2.19 2.,70 4.15 230

After warmup (cakd) 2.24 2.08 11.73 SqlI 6.31 602 2.01 2 5! 844 2 24

Temp of fuel after warm-
up.'F 69 73 75 72 73 75 72 74 74 75

* woatt • tnd Wad stooda Im 1 lis iam UFA4 dew Ca".'Alan *
f fuel woo fUtMd md itti*d fev 2 hr in waA %owl cu Wooe wmk
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To facilitate comparison, the data of Tables 86 and 87 have been recalculated in terms of the following
plugging indexes:

c-B
F35  B- X 100 plugging at S5PB

D-A
P7 7  D X ;00 plugging at 77*F

A

E-D
Pt - X 100 temporary plugging

A

where
A a initial AP at 770F, calculated

B a initial AF at 3S5F, actual

C * final AP at 350F, actual

D =AP after warmup, actual

E a AP after warmup, calculated

Since the calculated values were obtained by the use of a constant viscosity ratio,

A - kB

E = kC

when these values ire substituted into the expressions for the plugging indexes, it can be seen readily that

Pt-"P3 S -P1'

and that P, , is a measure cf the permanent component of the pluggitig. If the plugging in a given case is entirely
permanent, as with inorgani solids, then Pt - 0 and P3s 5 P7-. If the plItggng, in another case, is entirely
temporary, as mip~ht occur with waxlike substances, then P I -, 0 and P = P3 s. These idealized relationships will be
distorted considerably by inaccur:aies in ze(o-time definition and variations in "inal warmup temperature, bu, they
provide useful compariscns.. Values o( the three plugging indexes are given in Tnbie 88.

It will be n- A that the fir group of tests, on fuel without additrie, gave low values for both P35 and
P., and that the values of P, were all small negative numbers. The fact that tcey are negative merely reflects the
irnccutaies that have been discusseJl, since in theory P, can never by less than ,ero. When the additive-free fuel was
tAored in unlind cins After the final filtration (Runs 12 and 11). ,he index c f total plugving, Pis. was high, and

both the permanent ind teniptpary components (P, 7 and PI) -ere large pipit ve numbers. This could he caused hy
the prsuenc of particulate matter d,:ttvcd from the fuel itself or front fuel-container interactions. The container is
suwect in these cases,. ,ncc Run I S, in which a lined car. was used, gave vety little plugging. AMr., Run 9, at room
temperature with the fuel itored in an unlined can. gave a very significant amount of pluggong

All of the tests on fuel conisiitni FSII gave large valuem of Pi. Unfortuinaely, warmup data were
obtained in only two ruto., and these were with different concentrations of additive and with different fucl handling
p.'tedutc% With 0 F •"SlI. blending the t•ie[ in an unlined can, both the Xermanent and temporary components
of plugging were significant, as Indicated h' large prutýive value-s of P,, and P, in the single test in which data were
obtained With 0 15" FSII and ltne-blending tlhe additive I tfiltered fuel. tie ',ingle 4et of warmup data indicated
that the p•lri; was almost enti-ely tenpousry.
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TABLE 88. PLUGGING INDEXES

Te'st fue! JF-4, tenmueriture 35"F except as noted1

P3 5 - index of plugging at 35'F
P,7 7 indexo f plugging at 7 7F
Pf "-Index of temporary plugging

Rn Additive Procedure P, , ~ Seilcniin
no. _______ T7 Pt Spcil oniton

I tone { A 9 .-.-. iso-octkne
2 none A 9 --- .. Iso-uciane
3 none I A 5 22 17
4' none A .1 19 -1I5'
14 none A $ 1$ F 10
I5 none 3 16 24 -8

12 none B 175 52 123 Fuel stored 18hfr
13 none B 142 1 33 109 Fuel stored 2 hir

5 0.2151, FSII B 302 193 109
6 0.251A FSII R I6 (-,

7 0.15S7 FSII B 203
8 0.15% FSII B 192 .. ..

16 0. 157-FSI I C 125 It !!4
17 0.15% FSII C 201 -- ..

10 0.155 EGME B 103
I 1 0.15% EGME B 146 77 69
18 0. 15% EGM E C 1e 19 3

9 0. 15% FSI I B I---l94I -I Rmteprue

The data on EGME blends are contradictory in that two tests gave significant amnounts of total plugging
and one did not. In the two tests by Procedure B (hi et~ding in unlined canls), the Plugging Was indicated ito include
both permanent and temporary componetrts in the sinigle set of data obtained. In the one test by Procedure-(' (line
blending), the plugging indexes were all low and were quite similar It: those obtaineil in, tests without additive.
H;ýwevet, this reflects only the readings at the eno of the test ; lite behavior during lthe test ii a def~inite indication of
jp~rioudic plugging (compstre curve 18 in Figm, 20o with aii! curves in, Figuie 15 1. *The rMiXionutTi plugging during the
coui.- of* this run amounted ito P., j o00

In view of Ole appaterat ano'rnalies intiot-~ced bv storage ol thre filtered fuel!. iii uriliied c.n (Procedure
81. lthe raost reliable comparrison of effcct\ý of additives is riven by Olie daita from r'UnS accordinlg ito Proceduivi A and
C, These data indicate that t1 S'ý FSII gives a very signitficaint 3ntmot ot. filter pluggintg at hw tenlivrattires. and
that mcost of this~ plugging is temp~torary. With 0.15'..' IkGM, %igmtificar pluggintg occurred during lthe inin, but ti-it
filter "utthloeli.4' petiodicalls so that iWe final pressure droP was lititle imore thian thie 111t1ul

Furtherc lighti on t lite nature of plugging is shv~d bls[ie dart , (M.ntedia st aii~ing obsel-ved afitr itest (seec

Table WO). Stain sptots were dearly evident in all tests on iP-4 coitait~iring [,Sit or ROWI but were absent in nio,.1
tests oil Ulrunlotb ited J P4 anid hirely visible onl nit ihi bit ed iso-oct ii lie sil-'' thoth coritumip l .n of: thle FS II (e th llei re
glycol rsifoinemthylI-cihcr and glycerol) are colorless. it is evideiit diat lire rtiateiial pt icipii atcd oil lthe inadia cannot



consist solely of additive. In the case of the inhibited JP-4, it is very likely thL, the colored material consists of color
bodies extracted from the fuel by glycerol or EGME. It is also possible that products of chemical reaction between
glycerol or EGME and tralce constituents of the fuel may contribute to the staining. Results from two tests on fuel

stored after filtering suggest interactions between the "clean" fuel and the steel container. In the case of the straight
iso-octane, the source of the trace stain, is not at all clear; it must be derived either from the test fluid or the
system, and neither appear. to be a likely source.

The possibility of a contribution of frne water to media plugging is supported by the AEL free water
analyses (see "hable 86), indicating traces of free water in most of the low-temperature runs. No effort was made to
control the dissolved water content of the test fuel. The amount of dissolved water initially ir. the fuel at room
temperature could easily exceed the saturatiin value of fuel at 350 F. It is noteworthy that, in each pair of dupii':ate
tests, the test in which more free water was indicated always gave the greater increase in pressure drop:

Run no. AEL rating P35

3 0-1 5
4 0 4
7 0-1 203
8 0 192

1o 4-5 163
I1 0 146
17 2-3 201
16 0-1 125

f. Conclusions

Based on all the data, the best interp;,tation of the mechanism of media plugging by fuel-FSII or
fuel-EGME blends is as follows: When foreign contaminants are absent, media may be partially plugged at low
temperatures by liquid, semiliquid, or low-melting solid materials precipitated from the blend. Thcse consist pre-
dominantly of glycerol. water, and EGME, along with trace fuel constituents extracted or precipitated by the
mixture. If the material is liquid or semiliquid, it coats the fibers of the media and restricts the flow passage,. When
such material has built up to a certain equilibrium thickness on the fibers it tends to be displaced by the fuel flow
and to migrate through and out of the bed; thus, the ultimate degree of plugging by this mechanism is strictly
limited. This type of plugging is aggravated by low temperatures, which will tend to increase the amount of

precipitated material and also to increase its viscosity; thus, both the plugging rate and the final equilibrium degree
of piugoing will be greater at low temperatures. Part of the low-temperature effect is reversible; this may be caused
by thinning of the semi!iquid material (on warmup) and displacement of part of this material from the bed, or it
may be caused by melting of waxlike materials.

"These experiments have demonstrated that the then-current FSII can give significant plugging of filter
media, especially at low temperatures. The pressure buildups that were observed were rather moderate in comparison

with those observed in the field. Exact comparisons are difficult because of thc poorly defined flow area and flow
velocity in these c;.:periments. However, assumi.lg that the 3/8-in.-d-ameter stains on the media represent the flow
area. the superficial flow velocity would be about 4.5 ft/min, or about 2.5 times that in a military-standard element.
The greatest pressure drop observed in any of these experiments was about 7 to 8 psi, in comparison with 20-psi
plugging observed in the field at lower flow velocities. This discrepancy may well be a function primarily of the
lesser thickness of media used in tile experiments. In any case, the experiments indicate conclusively that FSII in
JP-4 fuel can cause filter plugging, even in the absence of foreign contaminants. In addition, these results suggest the
possibility that EGME alone can influence media plugging, although to a lesser degree than when it is present in
combination with glycerol.

Under actual storage conditions, fuel reactions resulting in gum precipitation may be i significant factor

in low-temperature plugging. In the experiments performed here, short-term storage of filtered JP.4 in unlined cans
contributed significantly to filter pluggiig.
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The severe plugging t wcountered in the field under low-ternperature conditions is undoubtedly the result
of several factors aotart from those investigated here. Fuel corrosion inhibitors may well contribute to plugging,
especiallv if their presence leads to entrainment of trace amounts of watcr. Finely dispersed iron oxide will
obviously contribute to filter plugging under almost all conditions, and it is entirely possible that, in combination
with glycero!. fuel gums, and corrosion inhibitors, iron oxide mLy catalyze condensation reactions that "set" the
contaminants in the filter bed.

The work performed here has given an ample demonstration of the role of glycerol-containing FSII in
low-temperature plugging and has indicated that elimination of the glycerol should be helpful but nmay not be a
complete solution of the problem.

2. Soparometer Studies

a. General

During the course of filter-separator testing, much use was made of separometer tests as an aid in
determining fuel chiaracteristics. Results obtained with the separometer often indicated severe inadequacies in its use
for rating fuels. One of the main problems seems to be coalescer disk variability. This feature of the separometer test
was investigated and has been reported earlier.( 5 ) In addition, many other investigations involving separometer tests
were made during this program. Most of these were performed as evaluations of fuel-additive blends. However, a
number were concerned primarily with evaluations of the instrument itself, in an effort to make results more
accurate and precise. The observations made during those evaluations are reported in this section.

b. WSIM Values of FuelCorr,)sion Inhibitor Blends

In the proposed revision of the fuel corrosion inhibitor specification, MIL-1-2501 7C, a new requirement
haý, been added in the definition of maximum allowable concentration, namely, a WSIM value of 70 or higher when
the corrosion inhibitor is tested in Bayol-toluene reference fluid. Formerly, a WSI (old method) of 87 minimum was
required. In order to obtain preliminary data on the WSIM values obtained .vith currently qualified corrosion
inhibitors, a series of separometer tests was run on such blends.

All of the currently qualified corrosion inhibitors except Texaco TRI 182 were included in this series.
The TRI 182 is little used and not generally available. A recently qualified material, Tolad 245, was not included in

the series, since no sample had been made avaidable by the Air Force.

Tests were run on each inhibitor at maximum allowable concentration as currently defined (without the
WSIM requirement). For those inhibitors rating below 70 WSIM, the test was repeated at minimum allowable
concentration (relative effective concentration) as currently defined. The following data were obtained:

Corr Concn., lb/Mbbl, WSIM in Bayoi/toluene
inhib QPL-25017.7* at concn. shown

Max Mill Max Mill

duPont RP-2 . 20 7 66 78
duPont AFA-1 16 4 92 --

Lubrizol 541 20 5 83 ...

Tolad 244 20 5.5 46,58 90,80
Santolene C 16 4 84
Unicor M 20 9 17 64

FLatest QPL available ror MIL-l-25017B.

It will be noted that the RP-2, Tolad 244, and Unicor M gave WSIM values below 70 when tested at the presently
allowable maximum concentration. In other words, the maximum allowable concentration wotulc have to be reduced
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for these three inhibitors to mecet thle new MIL-i.2S01 7C. Thle RP-1, however, is so close to tile limit that it could
well be rated above 70 WSIM by ani tlier test. This poir'ts out a ccrt~iin prublcmn in establishing new concentrations
Mn tile baSli Of' thle WSIM v~sl: ic' IhL repe.~tability and reproducibility are rather poor in this range. It would
appear that sonie s!ýtirstical d,:..;titioii of WSIM value should be included in ttn. 4ualification procedure.

Of' he additives rating below 70 WSIM at maximium COMn.er.adIoW101, two were rated at well above 70 at
minimnum concentration, but the Unicor M was still slightly below 70.

c. Fuel-Corrosion Inhibitor Blends as Separometer Reference Fluids

Another purpose of the WVSIM series onl corrosion inhibitors was selection of a suitable reference m'~iterial
for separometer calibration. The present blends of Aerosol OT in Bayoh/toluene. used for separometer standardiza-
tion, are judged to be rmtlier artificial-, some qualified corrosion inhibitor actually u'sed in fuels would at least
represent a material used in thle fi'wid. Thle use of a well-defined and relatively pure base stock such as Bayol/toluene
is essential for uniformity of the calibration fluids and has the further advantage of eliminating or at least minimizing
time-dependent itnteractions between additive and fuel constituents such as those occurring in ordinary jet fuels.I Of thle corrosion inhibitors that were tested, the RP-2 and Tolad 244 gave WSJM values covering the
range of most interest, and the Tolad 244 was selected for further work.I Several bknds of this additive in Bayol R-34 (without toluene) were prepared and tested, with theJ following results:.

Tolad 244 WSIM in
concn, lb/Mbbl Bayol R-34

5.5 82
6 79

10 57,71,69
15 55
20 50

Plotting these WSIM valt_.s aga~inst Tolad 2-44 concentration, a smooth curve is obtained (Figure 25), with only one
point far off thle curve. No explanation can be found for this particular deviation, since the coalescer disk weights and
standard airflow calibration results were quite similar in the three check tests on the 10 lb/Mbbl blend:

Disk weighit.nirg Airflow AP, cm H2 0* WI
Coarse Fine Coarse Fine WI

100 54 2.4 19.5 57
92 51 2.4 18.6 69
99 46 2.3 19.2 71

Airflow calibration-; were performned in a WSI cell at an airflow rate of 8 (1,min.

Thie lineup of the two higher WSIM values with the other points on thle WSlMlconcentration curve (Figure 25) indi-
cites that the one low ialuc is less reliable, for reasons unknown.

d. Effects of Media Weight and Media Density

Thie I O-lb/MNlhhl blend of' Tolad 244 in Bayol R-34, which corresponds to a WSIM of 70, as reported in
thle section above, was selected as a reference blend for further studies on media properties in the water separonieter.
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A series of iests was run to establish the Lffects of - .
media !vei,;* and density on separometer resuits. Special
"unsplit" fine coalescer dis':s had b.,en received from Emcee.
These represent disks made from tht fiberglass mat as received w
and &'so represent disks that are over-specification in the air- 8
flow quAlity control test, i.e., offer more thia the maximum
allowable flow resistanco when tested singly in an old-type ,0
WS1 cel!. For this study, z modified airflow check procoddure l
was w•ed: The disk or disks were installed in a n.w-iype
(WSIM) cell, and pressire drop was checked at the relatively ,I
low airflow rate of 155 mli/min. This lcw air rate was necessary
to bring the pressure drops into a workable range when using
more than one disk. With this modified airflow procedure, the .
"unsplit" fine disks front Emcee gave pressure drops from 6. 1
to 6.7 cm water with a single disk in the WSIM housing and
16.8 to 18.1 cm water with two disks in the WSINI housing. It _______

sh uld be nGted that the airflow pressure drops in most cases 2,

are uot related to the actual flow resistance of the disks in the
subsequent *SIM tests, since the spacers used in' the WSIM FIGURE 25. EFFECT OF TOLAD 244 ON
tests alte-ed the degree of compression of the disks, WSIM GF BAYOL R-34

Single unsplit fi," disks were ! ested in the WSIM cell with the regular compression gap of 0.0625 in. and
also with the gap reduced to about 2/3 aý-d 1/3 of the original. Double disks were tested with 0) 625-in. gap and also
with about half and twice that gap. Double disks were also tested with the addition of a layer of "sock" material
from a military-standard filter-separator element (Filters Inc) as the last stage. Results are listed in Table 89.

TABLE 89. AIRFLOW CALIBRATION AND WSIM RESULTS
ON SPECIAL "UNSPLIT" FINE COALESCER DISKS

Single disk Two disks
'A B C D E F GF

Media weight, mg: I
First disk 59.4 58.5 5h.3 59.b 59.5 61.2 61 0
Second disk -.. - 57.6 58.8 58.8 57.2

Total 59.4 58.5 58.3 117.2 118.3 120.0 i 18.2

Airilow AP, cm HOOt 6.7 o•.4 6.1 ! 6.88!

MUIM tests (on 51end of 10 ibiMbbi ToW. 244 it, yR ?4!

'mptsriiorn gap, in. {J hZ5 0,0". ' "o- <- 0-."1,ý I 0 1 l0ý 0.0303 0 oOý

Conprtsred nwddhi a

dc *mtv, lb!ft" 4.r, "1 14.s 14. t 4 AISI
W-SIM -.r it 57 S ri st ei •, I6

*W h t U o)I" i•4 l k' ,••. , W el- i rion 14.is ."
Atr o .AdIki ahi t 145 MI'Mart wiOtI z 4cv fk in WMM' hou *ith *t=idus! timpcr-wt .' sV



These results lead to the unexpected conclusion that, for this particular system of media and fuel/
additive, the WSIM result is completely insensitive to both media amount and media density. In the series of test,)
denote by A. B, and C, a threefold increase in density with the same amount of media gave no significant effect oa
WSIM. Likewise, doubling the amount of media gave no significant effect (D, E, and F in comparison with A, B, and
C). The use of "sock" fabric as the final stage gave no detectable effect. All WSIM values were within the range of 52
to 62, i.e., within the repeatability precision limits of the instrument in this range. It is also interesting to note that
none of these values, obtained with fine disks only, was much below the range of 55 to 71 WSIM values obtained on
the same fuel blend using standard sets of disks (one fine, one coarse).

Similar tests were r'n with standard coarse coalescer disks. Airflow checks were run by the standard
method (one disk in old-type WSI cell with 8 Q/min airflow), by the standard method with two disks in the cell, and
by the special method described previously (one or two disks in new-type WSIM cell with 155 ml/min airflow). The
airflow and WSIM results are listed in Table 90. With a sinfie coarse disk, at densities from 6.7 to 25.4 lb/ft3 all
WSIM values were within the range of 25 to 29; i.e., there was no effect of media density. With two coarse disks, at
densities from 7.1 to 33.5 lb/ft3, the WSIM values ranged from 26 to 51, with an apparent maximum (optimum) at
13.7 lb/ft3. The addition of a layer of filter-sock fabric to this "optimum" combination, giving an average density of
22.9 lb/ft3 , dropped the WSIM back to 39.

Thus, for this particular blend of 10 lb/Mbbl Tolad 244 ia Bayol R-34, the results with the fine disks
indicated no sensitivity whatever to media density or amount over rather wide ranges, and WSIM values about as
good as those obtained with the standard fine/coarse combination. With the coarse di-,?Is alone, WSIM results were
generally at a lower level and showed insensitivity to media density with single disks, but better coalescence and

TAdLE 90. AIRFLOW CALibRATIONS AND WSIM RESULTS
ON STANDARD COARSE COALESCER DISKS

Single disk Two disks
A B C D E F G*

Media weight, mg:
First disk 87.0 88.0 102.0 91.6 93.9 105.9 108.8
Second disk -... --- 85.5 80.9 103.2 '92.2
Filter sock ... ... .-- ..-.-. 94.3

Total 87.0 88.0 102.0 177.1 174.8 209.J 195.3

Airflow AP. cm 1210:
Standardt 2.6 2.6 3.2 7.6 7.0 7.6 9.4
Special+ 0.08 0.20 0.22 1 .(00 0.90 1.02 1.44

VMM tests (omn blentd of10 b/Mbbl Tolad 244 in Bayol R-34)

Compression gap, m. 0.0625 00397 0,0195 0.0625 0.1195 0.0303 0.0625

('ompresed mnedi0
denity. lb/ft. 6.7 10.7 25.4 13.7 7T1 33.5 22.9*

WSIM result 25 2J 28 5 26 39 39

"$With layer of "filter sock"' is final ita.e.
t Airflow checks with actual media as shown i,. 2, ot 3 pitceo; standard checks at 8 R/nig ih WSI cell, special checks at 155
ml/min in W•SIM cell.
I, Average density otf composite; does not fepresnt actual densit or sty specific piece.
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some sensitivity to media density with two disks. The generally higher level of WSIM values with the fine disks (in
line with the standard WSIM values) suggests that a valid separometer test could oe developed using fine disks alone
This would be desirable from the standpoint of the expected improvement in repeatability of results. The fine
fiberglass mat is manufactured for use in filters, and the quality control is better than for the coarse disks. Further,
the almost total insensitivity of the fine-disk WSIM values to amount or density of media suggests that disk-to-disk
variations will not affect the results to the degree observed in the standard WSIM tests. These conclusions are based
on tests on only one fuel blend and would require extensive verifiation before they could be generalized.

e. Effects of Water pH and Hardness

Durhig the early part of the program reported herein, some special separometer tests designed for
preliminary exploration of the effect of water pH on coalescence were performed. These tests were performed using
JP4 inhibited with 4 lb/Mbbl of Santolene C (no FSII). This was a hand blend using Ashland uninhibited JP-4 Batch
11*, with Santolene C. The uninhibited fuel was paper filtered (Whatman no. 12) prior to blending; the inhibited
blend was not filtered. The tests included a standard WSIM run with distilled water, one run with tap water, and two
runs with tap water adiusted to approximately 8.4 and 5.8 pH by additioni of small amounts of NaOH and HCI,
respectively. In addition, iurface tension determinations were performed on the water samples. The data obtained
are shown below.

Water
ST, pH WSIM

dyn/cm

Distilled water 72.9 6.9 97
Tap water 70.3 7.3 90
Tap water + NaO!R 72.1 8.3 64
Tap water + HCI t1.5 5.9 98

It will be noted, first of all, that all of whe water samples were of good quality in te!rms of freedom from
surfactants, as all showed surface tensions above 70 dyn/cm. The WSIM results show that tb.- alkaline tap watel gave
a very low WSIM, while the acidic tap water gave a high WSIM, essentially the same as the ttifled-water value.

Thi- is (. considerable interest in demonstrating the pronounced effect ot ,-,ier quality on interfacial
properties where fue! containi!ig an acidic type corrosion inhibitor is involved. The difference between beha-ior of
the distilled water and that of the tap water should not be ascribed to the relatively minor difference in pH, and in
fact pH valuzs on distilled water are of little meaning i! the water is reasorably pure. Rather, the presence of
significant amounts of sodium (and possibly potassium) ions in ihe tap water is the more probable explanation of
this behavior. Rkising the pH of the tap water intensifies the interaction of the sodium ions with the inhibitor, and
lowering the p" suppresses the interaction to a great extent.

Analytical data on the WPAFB tap water (analyzed in June 1966) are givea below. As can be seen, the
water is very hard and the sodium content is fairly high, both typical of untreated well water in this area.

ppM

Iron 0.10
Manganese 0.09
Calcium 99
Magnesium 35
Sodium 19
Potassium 2.2

*Inspection data for this fnel is reported in Refeience 7.
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ppmn

Bicarbonate 342
Carbonate 0
Sulfate 90
Chloride 36
Fluoride 0.3
Nitrate 0.9
Phosphat.-

Silica I11

Total disscl'ied so~ida 462 (ralcoI)
Total hardness a$ CaCO3  391
Alkalinity as CaCO 3  280
Fiee CO2  14

pH 7.6

Although no ad-ditional tests of this natLe were performed using the separometer, these data were used
as a guideline for subsequent work on the AI(SS loop. Unfortunately, loop tests involving injection waters of
different compositiotis failed to t~appovt the conclusions obtained with the water veparometer. Results of those lo--op
tests are discussed in Section V of :his report.

f. Pump Wear Debris

In an effort to determine more p~rcisely the amount of ptimp wear debris ieiea?-d into sample fuel
during regular separometer tests, a special set of evaluations was matne. For these eN aluations. the coalescer cell on a
standard separometer was replaced by a Mil~pore bomb sampler having a pair of 0.8y* matchned-weight membrane
filters. A single separome:er was used ir' all tests. After flushing accoiding to standard proced~ti~e withi unffltered
solvents (five 2400-m portions of isopwupanol followed by five 200-nil poftions of Bayol R-34), .wo tests on Bayol
R-34 followed by two teost er; uninl-iM-zed 9!-5 w.ere perfnxncd. A voluaie ol 4k of each test fluid was prefiltered
(Millipore 0.8g) on the day of the test and was kept in 't'he dark in scrupulously clean glass containers until used. For
each test, & 2-V quantity of the prefiltered fuel was handled exactly as in regtilar WSIM tests ex~e-,,,l that no water
was added; then most of this fuel was t&e h~ziug dth matched inernuianes in tne sampler. The volume passing
through the sampler was measured and recorded. The results G f thicse~ tcst.i aini Pt1 e sii,.s contents of t'he refiltered
fluids are given below:

ASTM color rating
Test Solids, mg Solids mg/k of test membrane

Bayo!. Run 1 0.26 O.lV
Bayol, Run 2 G-33 0.31,
JP-5, Run 1 0.43 0.25 A-2
JP-S. Run 2 0.74 0.43 A4-?

Following each run, the test filter was inspected i 'nder a microscope. These observaticris indicated the
presence of copper or brass, steel- and, Teflon ' ape of varying particle size on eve'y filitcr.

It is interesting t%3 note that the two tests on Bayul indirated lower contamination levels than those on
JP-5. If !he m'ijor portion of the solid materiai were pumnp wear debris, a. 'e would,-xpect more solids in the Bayol
runs, since the littricity of the Bayol is quite poo. in kxmp;.risun to mnost JP-5 fuels.

'Standard pwoceduic cai~s Cot i test-iue! flusbi after the, Sast Bayol flush; howene:, :or t'irse tests, this step was oi'iitted.
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The assortment of debris that was observed on the membrane filters may have come from the unfiltered
flush solvents or may have been derived largely frem the separometer fuel system itself. In any case, these data
suggest the need for better control of system cleanliness and further investigation of contaminants and their possible
cffect on separometer test results.

S•g. Flushing Procedure and Effects of isopropanol

On te fseparometer procedure thtwas investigated during thsprogram was tecompletenessoI
• ,- flushing. It is known that smrall amounts of isopropanol remaining in the test fuel will , Mertfere with obtaining
I!•i correct results. Data obtained in this program indicated that up to 0.4% isoJpropanoi caused :nly slight decreases in
[• the WSIM values obtained on Bayol/toluene blend with and without 1.0 mg/It Aerosol OT, as shown below:

n ~Additives in Bayol/toluene'
!Aerosol OT, l sopropanol,

SmgfQ vol % WSIM

S0 0 9 9 ,9 9

L:• 0 0.1 100

[•0 0.4 94

1i 1.0 0 70,64,64
I 1.0 0.1 65

S1.0 0.2 60
1.0 0.4 57

Later, work was performed to determine thze actual residual levels of isovropanol concentration with the
instrument flushing procedure that was used. During a separometer r.est on uninhibited JP-5 base fuel, samples were
taken from the separometer tank return line (identical to material being pumped to the test section) at various ._

points in the flushing and test sequence. These samples were analyzed chromatographically for isopropanol content
-- by another laboratory obtaining the following results:

% isopropanol

Final Bayol flush 0.8
Final test fue! flush 0.03
Test fuel just prior to injecting water to
start emulsification None

Reference analyses on unused Bayol R-34 and unused test fuel also indicated zero isopropanol.

It can be seen that the flushing procedures that wer• used were adequate to remove isopropanol to
below the detectable limit (somewhere under 0.03%). The flushing procedure was slightly more stringent than tlhe
ASTM procedure (D 2550-66T) in that an additional test fuel flush was included, and the sequence and techni.que

of flushing were controlled closely. The rather high content of isopropanol in the final Bayol flush. using this
closely controlled procedure, suggests that on~ly slightly poorer techniques would result inl unacceptably high
contents of %.sopropanol carrying through into the test fuel itself. On this basis, the extra care that was taken in th~e
flushing operat.ions is well justified.

SThe isopropanol concentration of 0.4% that was mentioned as a sa~tisfactory upper limit was based on

tests ost Bayol/toluene with and with~ou,. Aerosol OT. It should net be deduced that 0.4% isopropanul will be equally
harmless in other fuel/additive systems. Any mutual solvent such as isopropanol in an emulsifying/coalescing
situation, can have prtofound effects in either direction. The only safe procedure is to remove the isopropanol below

the limits of piactical detection.
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h. Effects of Disk Treatment

During the program reported herein, an effort was made to determine whether washing and/or drying
coalescer dLks before use would have any effect on separometer rating level and repeatability. In each test in this
study, standard coarse and fine disks were used according to standard WSIM procedure. A blend of Bayol R.34 with
10 lbfMbbi Tolad 244 was used throughout. Before the start of the series, the coalescer disks to be used were
inspected visually, weighed, and checked to determine their resistance to airflow. Data obtained are given below:

Coarse Disks

Disk no. 1 2 3 4 5 6 7 8 9 10
Weight, mg 70.4 66.4 74.2 80.0 75.6 98.4 99.6 74.0 98.2 93.7
AP, cm H20* 2.0 2.2 2.2 2.6 2.6 2.8 3.2 2.2 2.6 2.2

Fine Disks

Diskn o. 1 2 3 4 5 6 7 8 9 10
Weight, mg 53.7 47.6 51.0 51.1 47.9 50.5 53.1 47.6 49.6 47.6

AP, %.m HO* 18.6 18.0 18.4 19.0 19.0 17.8 17.8 19.0 17.2 19.0

*AP measurements were performed on disks installed in a WSI cell with an airflow rate of 8 Q/min.

After tti: above checks were made, the disks (both coarse and fine) were individually treated as described below:
Disk nos. Treatment"

I and 2 Stored in desiccator until used.
3 and 4 Stored in closed container over saturated aqueous

solution of Na2 SO4 until used.
5 and 6 Placed in oven at 147 0C for 4 hr, then stored

in desiccator until u'sed.
7 and 8 Washed with filtered distilled water, then dried

24 hr at 500C, then stored in desiccator until
used.

9 and 10 Washed with filtered isopropanol then washed
with filtered distilled water, then dried 24 hr

at 50 0C, then stored in desiccator until used.
*Storage times in desiccator or closed container ranged from 47 to 121 hr. Equilibrium
can be assumed in all cases.

After the above treatments, the disks were used in separometer tests. Results of these tests, which are
shown below, indicate that the repeatability is within the 95% confidence limits specified by ASTM D 2550-66T for
all pairs of WSIM values except for disks 9 and 10. WSIM values for disks 9 and 10 differed by 13 units, whereas the
allowable difference between the two samples having a mean WSIM of 63.5 is approximately 12 units according to
ASTM D 2553-66T.

Diffetence Max allcwable
between difference between

Disk nos. WSIM Mean ratings two ratings*

I and 2 61,65 63 4 11
3 and 4 56,56 56 0 13
5 and 6 64,54 59 10 12
7 and 8 55.67 61 12 12
9 and 10 57,70 63.5 13 12

*A:, iven by ASTNI 1) 2550-661".
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l None of the disk treatments gave any significant change in the level of WSIM values.

Based on these results, it appears unlikely that control of disk moisture content or any controlled
washing or drying procedures using the current standard disks will give significant improvements in repeatability or
changes in rating level.

i. Precision and Effect of Sample Storage

(1) General

Storage tests in various types of containers were run on an inhibited JP-5 fuel blend to determine
the effect of storage on WSIM values and, at the same time, to determine the reproducibility of the WSIM values as
obtained by SwRI personnel.

The test fuel blend con- TABLE 91. WSIM REPRODUCIBILITY
sisted of Ashland JP-5 batch 14 (purchased AND EFFECT OF SAMPLE
without inhibitors) plus 0.15 vol % FSII and STORAGE
16 lb!Mbbl Santolene C. The blend was
made by normal procedures in the AlI/SS Storage Days of WSIM, distilled water WSIM, inJection water
loop (total blend volume about 650 gal); a container storage APPf Oper Reslt Appr 1 Rslt
one-drum quantity was drawn off for this F - - -771
test series into a prerinsed epoxy-lined steel Iresh blend A ! 77 A 1 42
drum. Storage and test conditions are listed A 3 60 A 2 82
in Table 91. The WSIM tests were run with B 2 80 B 2 74

B 2 81 B 1 63
distilled water (standard tests) and with
"injection water." The latter is the "Type 55-gal drum 3 A 4 72 A 4 37
B" water that was used in early filter- 14 A 5 47 A 5 76
separator testing in the program reported 5-0 an 3 A 4 69 A 4 59
herein. Mean pH, surface tension, and solids 14 A 5 70 A 5 57
content data for this water are presented in
Section Ill of this report. l-gal can 3 A 4 30 A 4 29

14 A 4 46 A 4 j 36
(2) WSIM Reproducibilitylga u3 A 4 75 A 4 2

Looking first at the fresh- u4 1 A 4 77 A 4 SI

blend WSIM results (Table 91), it can be NOTES:
seen that the reproducibility of the four test
results run with distilled water (standard Storage temperature: 65.6R0 F
WSIM) was reasonable (i.e., "normal"), but Fuel blend: JP-5 (Ashland) Batch 14 + 0.15 vol % FSII
the reproducibility of the four test results 16 Ib/Mbbi Santojene C
run with injection water was quite poor.

Injection water: Dis'illed wlter + Na 45, Ca 3o, MS W I, Cl 64, S.04 32,

Interpreting theie results and HCO, I 19: 1
in terms of ASTM procedures for limits of
uncertainty of the average(l 1) the following Containers cjaI drim -lee, ueoxy ne d,. pterfind
average values and intervals are obtained for Si cat, .ieti. uneined, no perentaavrg| .ga caui •tttined ".ieel, en o~t
95% confidence limits: I .! jup soft SIih washed

Standard WSIM (distilled water) 74.5t 15.6 Apptarus. A- seAotmewtet in IB•l 4! -D
WSIM with injection water 65 2±27.6 B -v rotrowier in Bldg ?0 (tI D

These limits were computed on the basis of standard deviationt (using r 4 as the divr~it) and a factot of 1 817 as

applicable to 95% confidence limits with four observations.
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On this basis, one can say that the "true" or "objective' averages for these two systems are within
the indicated ranges with a probability of 0.95. These ranges, rounded to fhe nearest whole number, are 59 to 90 for
the standard WSIM and 38 to 93 for the injection-water WSIM.

Looking at the standard $','.r4 -dslues (Table 91), it will be notod that the maximum deviation
between any two results was 21 units witt L Woi.!sponding averate af 70. The precision criteria listed for this
method in ASTM D 2550-66T show a reproducibility of about 20 units at a mean rating of 70. Therefore, it is
concluded that the reproducibility represented by the standard WSIM test results reported herein is approximately at
the level defined in the ASTM procedure. It is not possible to obtain a statistical comparison of reproducibility
because of the limited number of tests (four per series).

It may also be noted that the single value of 60 reported by Operator 3 in the stand&d WSIM tests
was considerably below the other three results, which were grouped very closely around 79 WSIM. However, there is
no statistical basis whatever for saying that Operator 3 is "rating low," since only this one test resuit is available. In
the comparison of Operator I values vs Operator 2 values, the checks were excellent in the standard distilled-water
WSIM tests, but Operator I rated lower than Operator 2 in the injection-water WSIM tests. Again, because of the
small number of data points, it is not possible to ascribe any quantitative significance to this difference. With regard
to the two separometers involved in this work, no significant difference could be detected.

No attempt was made in this work to determine the probable causes of the relatively poor
reproducibility of the separometer results. The ASTM procedure itself lists the dimensions of the coalescer cell and
the completeness of flushing (isopropanol removal) as two significant factors. The dimensions of the Loalescer cells
used in these tests were within tolerance. As reported in anothter part of this section, studies of the completeness of
the flushing procedure indicated satisfactory removal of isopropanol.

(3) Effect of Fuel Storage on WSIM

Using the fresh-blend averages and range, as defined previously, it can be seen that Ptorage in 1-gat
cans was the only condition that produced a regular and ,ignificant drop in WSIM, either for the standard- or the
injection-water tests. There were two low values in the 55-gal drum storage samples, but these were randoro with
trspect to storage tirne and test operator. Therefore, the only firm conclusion that can be drawn is that storage in
new I -ga! cans that have not been precleaned will lead to low WSIM values, far below the limits of normal variation.
This conclusion h1d been drawn previously in CRC work, and the results reported herein merely verify the con-
clusion for the particular fuel blend used in the current work.

It is interesting to note that storage :.n I-gal glass jugs gave no significant lowering of WSIM, even
though this particular fuel is believed to be somewhat light-sensitive, Possibly, the relatively low storage temperature
and the low intensity of light at the indoor storage site contributed to the lack of any observable effects.

There was a possiblL -.-- d toward "recovery" in WSIM value between 3 and 14 days of storage.
No attempt has been made at statistical confirnmazion, it is obvious from the exceptions to this "trend" that t is at
hest of doubtfu significance. However, there are twvo logical reasons why such a trend could exist. One of these is
the gradual settling out of finely divided sRlid material during stoiage, so that the end product is purer than the
starting material The other is the apparently poo:er quality (greater surface activity) of the water ueed in the 3-day
evaluattois as kompaied with that used in the fresh-blend and 14-day evaluations. This effect can be seen by
coinparing surface tension values for al water sanmpIes used in this work as showit below:

Surface tension, dyn/cmI istilled . nj.otion

water walcr Operator
For fresh -blend samples 72.2 ... 3
For 3-day samples 70.4 68.7 1
For 14.day ramples 72.2 72.7 3
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Another point that is of interest in the WSIM comparisons is that the injection-water values were
not significantly lower than the distilled-water values. This statement should not be token as firm evi4 ence that no
effect exists. Rather, it indicates that trends, if they exist, are obscured by the rather 1,oor precision o. the WSIM
results in this range. For example, in the fresh-blend values, the average WSIM with injection water is some 9 units
below that with distilled water, but this is not a significant difference in terms of any reasonable confidence in the
WSIM results. The following are the confidence limits corresponding to these fresh-blend data:

WSIM with WSIM with
distilled injection

water water

99% confidence 46-100 15-100
95% confidence 59-90 38-93
90% confidence 63-86 45-86
80% confidence 66-83 51-80
70% confidence 68-81 54-76
50% confidence 71-78 58-72

Even at a 50% confidence level, there is an overlap in the limits, i.e., we cannot even say that the injection-water
WSIM is "probably" lower than the distilled-water WSIM.

The only really significant trend shown in the WSIM data was the decrease caused by storage in
1-gal cans. The WSIM values were as follows:

Fresh 3-day 14-day

Distilled-water WSIM 74 (avg) 30 46
Injection-water WSIM 65 (avg) 29 36

The WSIM decreases from the fresh-blend values are statistically significant, but the apparent "recoveries" from 3 to
14 days are not.

3. Corrosion Inhibitor Concentration Determination by I FT Maaturements

A simple method of estimating corrosion inhibitor concentrations wouid be very valuable in both r-search and
field applications. For some inhibitors, the standard interfacial tension (against distilled water) can be a fair measure
of inhibitor content, so long as fuel/Rdditive interactions do not introduce time-dependent variations. For inhibitors
such as Santolene C, which do not depress the s'tandard interfacial tension to any great degree, some other method is
needed. In the course of single-element testing, it had been noted that Santolene C blends showed much lovw.r
interfacial tensions when the distilled water was replaced by WPAFB tatwater or synthetic water blends containing
appreciable amounts of sodiam ion. A study was undertaken to determine whether such intcrfacial tensions could be
used to estimate the amount of Santolene C in fuel blends. The use of tap water appeared undesirable because of
possible variations in water quality, and the synthetic water blend used in the s~ngle-element testing appeared to be
unduly complex for this purpose. Therefore, studies were made of straight solutions of sodium carbonate and
bicarbonate, which would be expected to show maximum interactions with the acidic component of Santolene C.

This work of IFT tests to rate additive concentrations was hampered seriously by problems with the
laboratcry environment. The data listed in Table 92 illustrate the difficulties that were being encounteied with
repeatability of results. During the testing period, laboratory temperature was 650 to 66°F, and drafts were inter-
lering seriously with the precision of the test. Even under these conditions, the surface tension values for distilled
water were quite normal. It may also be noted from Table 92 that the interfacial tension results on Santolene C
blends were not affected significantly by using sudium bicarbonate solution in place of distilled water; at the
maximum concentration of 16 lb Santolene C per 1000 bbl of JP-5 fuel, the IFT was 31 to 33 dynes/cm with either
aqueous material. This is in marked contrast to earlier results on Santolene C blends in JP-4 when tested with tap
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TABLE 92. SURFACE AND INTERFACIAL TENSIONS WITH
SODIUM BICARBONATE SOLUTION AND

SANTOLENE C FUEL BLENDS

Instrument scale reading, dyn/cm Correcd
Date ""f Individual values Avg value,

_.... dyn/cn

Surface tension:

Distilled water 29 Feb 68 77.6,77.8 77.7 73.1
1 Mar 68 77.5,77.6 77.6 73.0

NaHCO 3 solution 29 Feb 68 68.3,68.8 68.6 64.0
29 Feb 68 77.6,77.7 77.7 73.1
1 Mar 68 68.5,69.1 68.6 64.0
1 Mar 68 77.3,77.5,77.5 77.4 72.8
1 Mar 68 68.5,71.8,78.1,78.2,78.4,

78.6,78.2 75.4 70.8

Interfacial tension with fresh uninhibited JP-5:

Distilled water 29 Feb 68 39.0,42.7,40.7,38.5,39.3 1 40.0 41.7
' 1 Mar 68 43.1,41.0,41.5.41.7 41.8 43.9

NaHCO 3 solution 29 Feb 68 43.1,41.7,42.1,42.7A2.2 42.4 ,4.6

1 Mar 68 40.7,413 41.0 42.0

Interfacial tension with fresh JP-5 + 4 lb/Mbbl Santolene C:

Distilled water 29 Feb 68 39.5,33.5,35.4,35.9,38.1 36.5 37.6

NaHC0 3 solution 29 Feb 68 37.2,37.5 J 37.4 38.6

Interfccial tension with fresh JP-5 + 16 Ib/Mbbl Santolene C:
Distilled wotei 29 Feb69 3231.3,32.0,33.9,34.5 132.5 33.0

NaHC0 3 solution [29_Feb 68 30 8,30 j 30.7 31.0

NOIE: NaHCO 3 solution is i 63.9 ing/lQ of reagent-grade :hemical ini distille. water.



water or with synthetic medium-hardness water- it had been found that either of these waters would give IFT values
some 10 dynes/cm below the values obtained with d4stilled water.

Subsequently, the IFT apparatus (a Fisher Model 21 Tensiomat) was relocated so as to minimize the effects of
drafts and vibrations, cleaning procedures were reviewed and made more rigorous, and time sequences in testing were
standardized. Sodium varbonate solution (rather than bicarbonate) was adopted in an effort to increase the 'spread"
of results, that is, the sensitivity of IFT values to concentratien of Sartalene C. Under these improved operating
conditions, no difficulties were encountered in obtaining repeatable surface tension results on either distilled water
or carbonate solution, both giving approximately 73 dynes/cm. Interfrcial tension vaues (shown in detail in Table
93) indicated that the repeatability had been improved somewhat. AlNo, when using the carbonate solution, the IFT
values on blends containing Santolene C weve far below thoe obtained with distilled water and appeared to offer a
reasonable basis for estimating inhibitor concentrations. This can be seen from the following summary of results,
which includes those shown in Table 93 and others obtained at about the same time:

Santolene C
concn, Il-1, dyn/csn (average values in parentheses)
ib/Mbbl [isijled water Sodium carbonate, 123 mg/f

0 44.2,43.0 (43.6) 37.1,36.8,40.9,39.9,33.2 (37.6)
4 42.3,41.0 (41.6) 24.2,30.V,25.4,30.6 (27.7)
8 21.7 (21.7)

12 18.1 (18.1)
16 32.2,35.1 (33.6) 11.0,12.6,12.7 (12.1)

When the IFT values are plotted against concentration, a reasonable correlation band may be plotted covering
all of the points (Figure 26, circles). This band is narrow enough that it appeared satisfactory for estimating
Santolene C concentrations. However, check rewu!'s or. a freshly prcpaWre, series of blends upset the correlation
completely. IFT values on these blends vs carbonate solution were as follows:

Santoltne C IFT.
concn, lbfMobl dyn/cm

0 410)
"2 38.4
4 34.0
9 24.8,25.8

16 20.4,15.9

These resultW' are plotted on Figume 26 as triangles. It can be seen that all of these points fell outside the band
estaUlished by the previous data. P a band were diawn to take in all the dato points. it would be so wide as to be of
no value for determining inhibitor c'ncantrations.

It is suspected that the dificulty onth the ;"euatabihty of the interfacial tension resuAs is a function of many
vuiables, Theree are believed to be timendepentent wteractiotts betw-en the inhibitor and tract corntttuitut. of the
hase fuel. In addition, varitions in interfacial tension vauets my accinpany suall chanm itt iv tempetatute of the
systein ts well as small chantes in the pH of the waler phA when kaikla *nth fuet-Santoleon C bWends

Because studies of thiýi sort comtttute a siz.Ale amunst oeff ot, and the .mue.diati problem t hanrd did n

ap'pear to warrant any extenave xpenditure of Itme, no futurn wtiik alont this lme w-v perform•ed

4. Tit SuM AP Lt• ew 4 V" CAA, M OIV

During the devekopmnt of wotk in this program. ,t we.. docided to perform coton tet% i n the AMES loop to

establish presure drops of the teot section less element. Tiee valui* wee thought nwctlutf as rottection foci-in in
analysis of pressure.drop data. since they could b• wbtrect#ed fonm the lot*! pttrsie 4rop to Vve the coxr*roodP;
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TABLE 93. INTERFACIAL TENSIONS WITH SODIUM CARBONATE
SOLUTION AND SANTOLENE C FUEL BLENDS

I Instrument scale reading, dyn/cm Corrected
Dat J Individual values value

S"'dvn/cm

Fresh uninhibited JP-5:

Distilled water 6 Mar 68 39.7,43.1,43.3,42.6 42.1 44.2
8Mar 68 40.5,41.5,40.6,42.3,40.5 41.1 43.0

Na2 CO 3 solution 6 Mar 68 36.4,35.9,36.0 36.1 37.1
8 Mar 68 35.0,36.6,35.7 35.8 36.8

Fresh JP-5 + 4 &Ib/Mbi Santole,e C:

Distilled water 6 Mar 68 39.9,40.6,40.8,40.6 40.5 42.3
8 Mar 68 38.9,39.8,39.6,39.2 39.4 41.0

Na2 CO 3 Solution 6 Mar 68 23.5,24.6,28.1,23.5,23.0 24.5 24.2
7 Mar 68 29.2,30.8,30.8 30.3 30.5
8 Mar 68 25 4 25.7,25.6 25.6 25.4

Fresh JP.5 t'8 IbIMbbl Santolene C:.

Na2 CO3 solution 1IMar68 22.5.22.1 27

Fresh JP-5 + 12 Ib/Mbbl Sanrolene C."

N2CO3 solutn I I Mar 68 17.1,193,21.1,15.6,20.7 8-8 ' .1

Fnnh JP-5. + 6 Ib/Mbbl Santolene C.

Disttled wotet 6 Mar 68 30.7.29.9,34.6,32.3,31.5 31.8 32.2
8 Mar 68 34.7,34.2,343 34.4 . 35.1

N&2CO3 wohution 6 Mar 68 12.1,11.7,12.6 121 110.
7Mar68 1235,14.9.,3.9 13.8 12.68 Mat,63 13.9.13-6.14.3 13.9 1 !.7

i NM'I,[• N42CO) solution L% I2 n mh of teagent-.pde cbhnical in dsttlled water.
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pressure drops of the elements themselves. This approach
seemed quite reasonable; however, as will be seen from the
subsequent discussion, the situation was not as simple and
clear-cut as it would appear.

Both JP-4 and JP-5 were included, and two different
canisters were used in this study. Canister A was the unit
used in all loop tests through test nc. 211, and Canister B
was a replacement used in tests 212 through 329. Canister
A was still functioning at a satisfactory level at the time of
its retirement, but had seen considerable wear and tear
during its 211 tests with SwRI and unknown prior history.

a0
Pressure drops were determined with each of these

canisters in the regular aluminum test housing, without test 0
element, over a range of flow rates. With no water present 20
in the test housing, some fuel can byplss tfhough the open- -

ings in the bottom of the canister; this could conrceiably
affect the pressure drop. Therefore, some tests were run / _ ,
with a water seal produced by passing in water through the
bottom of the housing until the openings were covered.
Differential pressure gage readings in all cases were cor-
rected for gage error, "rng gage calibratior data obtained
within the same week. The data obtained are listed in Table Us eo, 1,m

94 and shown graphically in Figures 27 and 28. o 4WW "M&,a

In the tests run with a water seal in the bottom of the
housing, the pressure drops did not diffr signiftcandy from
those obtained without a water seal, indicating that fuel " * .

bypass through the openings (in the absence of a seal) •.ies
not influence pressure drops signifiwcntly. With the water
seal, as the flow rate was increased, large amounts of free FIGURE 26. INTERFACAL TENSION (CAR-
water appeared in the effluent fuel. This phenomenon was BONATE SOLUTION) VS CONCENTRATION
noted at 20 •mn with the iP-S fuel and at 39 gpni with the OF SANTOLENE C IN JP-5
JP-4 fuel. Since the test housing and canisters fwnctioned
quite normally with a water seal in regular tests on JP-5 fuel at 20 pmn, it is evident that omis.,on of the element igor
these pressure-drop checki created a radical change in the flow conditions in the canisters.

It can be seen from FigureF 27 and 28 that the pressure drop curves on logarithmic cmdinates are lWiear :ver
all or mot1 of trte flow rate rtnre. The doles of the straigN-4ine portions are within the rane of J .8 to 20.
mdicatiwg highy turbulent flow and high Reynolds niumbers. This dope. which represents the expoeoxt in the
pfeue lost vs flow rate function, inmreases with increasing Reynold: number, reaching 1.8 ata Reyol number of
about IOO0 znd th-oetically apiroaching 2.0 as the Reyno nuMMber bn,)m infinite.

A single check an the pressure drop of the housting lone. with .1P-5 at 2Dgpn, todicated amw p•ti•s drop.
This pibrA& indicates that thc actual preure drop is hWlanced by a negatrve vel-vityhead effect. wthch w
estimqated to be 0J Pe,

It on b~e no"t• from fig*ure 17 and 28 that 'antatte ,A, the *Ider of the I• wo.Vv u l kq-ftt p"emt.0 r

than 6id Cwaniter A It mt also be tW Ged ficm 6~ms fitpt and omdiw Table 94 that the JP-5 ftaul pvt oahr diok.y hw
pressure drops tlan did the JP.4 fuel, in m*n cams I thtu 10 howe. Theis a futthter cefirmation of the tudalbuot
nature of the flow ta the WMs lowmt the prt, umr drop. I the flow wesw Womma, the pietmor drop wooM bc
ptopo~tiontal to fuel v ihitv and the P.$ dtoud gve about twkv the preime drop of the VA. In turbulint flow.
ftew~ire drop is jsppoumty proportiona to fuel desiny.th relatiosuhipit ws eea:*Da&Ae aprie I ut th othe teotwit
obrtancd.
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TABLE 94. PRESSURE DROP *

THROUGH HOUSING
AND CANISTER

Cm10u ~ JF WeFo. gn W4oq

A Nn IS 1.6(.1) L6 (1.1)1
3D 2.00•.,5) 2.1 (1A6)

25 3.1 (26) 2.1 (23)
30 4.2 (3.8) 3.9 (3.5)
35 3.6 (5.2) 5.2 (42) -'

37.5 6.0 ( (.)
3, - 6.( ().7)
40 6 t(6A) 6.3 (5.9) L

Yes is 1.6 (1.0)20 12:10 M

a No is 1.6 0.1, 1.5 (1 .I)
20 2A (1.9) 2.2 (1.7) 1M4 -b f vla 70
25 3.3 (2.8) 2.9 (2.4,1 h
30 4.4 (4.0) 4.2 (3.3)
35 5.6 (5.2) . 5.6 (5.2) Awaxw*op"own rndalv
38 6.5 (6.11) fow w

39 - 6.6(6.2) 2 /
40 7.3t(6.9) 6.8t(6.41

e Ya 20 2.2 (1.7)
25 2.9 (2.4)A
30 4.0 (M,)
35 S.2 (428)
39 6 s(.1)

& k w Nd. wo tompm~u we F, Wapt m -L -L - L 1
70•p•a 0t a noud. IO 0 40 0 70 . I 1s

Flow rmk m. •,
,vm~mw ",dn (k% pmsalwo pp eo np "Ooll

" 7"-� l 3FIGURE 27. PRESSURE DROP THROUGH HOUSING

AND CANISTER WITH JP-5

SI-

onsna tv pp pmw.

dew -I ramow eom*m.kl,

I s~I la b l *mi

to 30 30 0 00 00 70 so e100
Pl~w No, pmle

FIGURE 28. PRESSURE DROP THROUGH H3USING
AND CANISTER WITH JP.4
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The real reason for perfonning this work was the need fir 'Wlank" pressme drops to subtract from tet-section
pressure dros. thus giving presu arops that are characteristic of the test element only. Unfortunately, this
approach did not fulfill (he o'jective The housing-phscanister preswre drops tlat were obtained were unealht-
ally high. FRr eyample, at a flow rate of 20gpm with JP-S fuel, pressure d:ops were 1.5 to 1.9 psi with housing and
canister, zero with hWising only, thus indicating pressure drops of 1.5 to 1.9 psi for the cani:ters. Total test-section

* opressure drsp is normally 3 to 4 psi with element aad canister installed. This implies that the canister is creating
appioximaiety as much flow resistance as is the elcaent itself-a conclusion that is obviously incorre-t for a number
of reasons. !n the first place. examining the geometry of the element and the canister. it ,iil be seen that they have
approximately the same superficial flow area. The "working lhyer" of the canister consists of a 100-mPA screen,
that of the element of fibrous mat that has cosiemble depth and consists of tortuous, fnee passages. One does not
need a detailed mathematical proof to be convinced that the pressure drop across the element should be far greater
than that across the canister screen. Apirg. one may note that the pressure drop we have measured across the
canister in this work is 1-5 to 2.0 ps; this refers to about 280 in" superficial flow area. Also present in the AM/SS
loop is a 100-mesh mixmS screen with 2.24 in2 superficial flow area. Pr3rating on an area basis, one would predict a
pressure drop of 190 to 250 psi across the mixing screen, irstead ot the 0 to 2 psi actually obtained under these flGw
conditions. Therefore, it is evident that the cbserved pressure drops of 1.5 to 1.9 psi cannot be attributed to the-
canisters.

Considerable theorizing has been don-- about what was happening, but the end result can best be visualized in
physical terms. With the element in place, the high-velocity fuel stream (7 to 8 ft/sec) entering through the bottomn
connection is diffused through the element and its velocity greatly reduced, so that the flow through the bed is
laminar. This picture may break down locally when water enters, but it is probably correct for dry fuel. The fuel
leaving the element is essentially in the lamiiar flow re . Flow conditions between the element and canister are
indeterminate, but in any case there is no te to develop any great turbulence in the 1/16-in. passage between
element and canister. Flow through the s-zeen can be calculated to be in the laminar regime, although again
conditions are indeterminate because of the changing geometty along the flow path- In any case, there could not be
any great turbulence.

With the element removed, on the other hand, the high-velocity fuel strear, jets into the canister and creates a
condition of extreme turbulence within the whole space. Therefore, flow conditions through the canister screen are
quite different when the element is rexnoved, anid the l'%ak'" value obtained for pressure drop under these
conditions is not a valid blank to use in determining the true pressurre drop across the element.

It appears that the unexpectedly high pr-sstrt drops obtained with the canister slone aie a consequence of a
different mode of development of bourdary layer at Ahe screcu surface when the entering flw is I i ,lWy turbulent. It
is probable that a detailed theoretical analysis of this problem would reveal the cause of the behavior in more precise
terms, but this waw not essential for the problem at hand.

In order to determine the "true" pressure dran of an element, it would havc been necessa-y to instrument the
test section with pressure probes within the center of the Clement and between the element and canister. The
geometry of these components creates certain mechanical problems in installing such probes, and the problem is
further complicated by the need !o eliminate all effects otf flow velocity on static pressure measurement. A more
direct approach, and the one thaz was finally taken, was measurement of elcrnent-onlý pressure drops in separate
equipment designed for this purpose, followed by me-asurement -'. pressure drop of the test sectioi, with this same
element installed.

The results indicate that a "blank" correction applicable to all elements cannot be obtained :nerely by taking
the difference between the two pressuie readings. The mean difference of these two differential pressures is given
below f3r five different groups of elenernts:
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No. of Mei pressure
Element identification tests difference*, psi

Bowser 12 3.27
Bendix 12 2.96
Fram 12 3.38
F.I. Govt std 4 2.42
F.I. Lot 516 5 2.24
F.i. Lot 465 38 1.48

*Differential pressure in test section at start of test minus differential
pressure in pressure checx trough.

From a more general point of view. the data and conclusions reported here could have some significace in
interpreting housing and element pressure-drop data on commercial filter-separator equipment. When defining
housing vs housing-plus-media pressure drops for specification purposes, tests on the total unit less elements (but

TABLE 95. COLOR RATINGS OF FILTERS IN SOLIDS DETERMINATIONS*

Contaminant: Coane AC dusg
Scale: B
SOUds 0.00 0.00 0.36 0.34 0.10 0.18 0.11 0.15 3.01 0.30 0.24 0.31 (.52 0,38 0.76 0.38 0.20 0.46 04V
Rating 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 I
Solids 0.47 0.47 0.04 0.17 033 0.32 0.33 0.30 0.44 0.92 0.60 0.40 0.54 074 0.14 0.29 0.37 0.64 0.65
Rating I I I I I I I I I I I I I I I
Solids .. 49 0.7T 0.51 0.48 0.48 ).39 0.30 0.39 0.59 0.22 0.71 0.45 0.14 0.34 0.41 0.52 0.22 0.98 0.42
Rating I I I I I I I 1 1 1 I I I I 1
Solids 0.10 0.26 0.14 0.31 0.08 0.23 0.36 0.20 0.00 0.00 0.18 0.39 0.40, 0.27 0.39 0.65 0.21 1.31 0.42
Rating I I I I I I I I I I I I I I I I I I
Solids 0.2! 0.19 0.25 0.29 0.00 0.00 0.30 0.23 034 0.45 0.05 0.00 0.10 0.07 0.16 0.79 0.37 0.26 0.19
Ratirng I i I I I I 1 1 1 1 1 1 1 I 1 1 1 1
Solids 0.42 0.19 0.71 0.11 0.21 0.42 0.33 0.26 0.13 0.52 0.21 0.09 0.34 0.35 0.20 0.20 0.51 0.28 0.46
Rating I I I I I I I I I I I I 1 1 1 1 I I I
Solids 0,70 0.18 0.30 0.48 0.22 0.04 0.49 0.62 0.39 0.74 0.21 0.40 1.28 0.29 0.45 0.42 0.27 0.70 0.22
Rating I I I I I I I I I I I I I I I I I I
Solids 0.19 0.24 0.28 0.32 0.11 1.00 1.08 0.66 0.36 0.00 0.00 1.26 0.97 0.68 1.57 0.55 1.37 0.74 1.16
Rating I I I I I I i I I I I I I I I I I I I
Soli-4 0.00 1.28 0.74 0.63 0.68 0.52 0.57 0.62 0.66 1.53 1.29 1.02 1.51 0.83 0.49 0.87 0.80 0.74 )91
Rating 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Solids 1.09 1.01 0.o0 0.63 0.57 0.44 1.4 0.86 1.08 1.04 0.00 0.47 0.56 0.23 0.18 0.50 0.74 0.74 0.25
Rating 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Solids 0.35 0.38 0.45 0.68 0.00 1.08 0.62 1.87 1.25 0.94 0.86 1,71 1.26 1.04 1.03 1.21 1.87 2.37 2.96
Rating 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3Solidn 2.00 2.56 0.8F 0.78 0.96 0.06 1.80 2.27 196 1.80 2.34 1.95 1.67 5.52 2.34 5.32 2.76 1.89 1.59
Rating 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4
Solids 2.59 2.50 3.86 2.04
Ratjig. 4 4 5 5

Contrninant: Fine AC dust
Szale: B
Solids 0.50 0.16 0.00 0.00 0.00 0.12 0.44 0.00 0.34 0.65 0.15 0.91 0.63 2.87 1.99 4.68
Rating I I I I I I 2 2 2 3 4 4 5

Contaminant: RIO (Pfizer R-9998)
Scale: A
Solids 0.11 0.ll 0.00 0.12 0.2• 0.22 0.00 0.02 0.00 0.12 0.00 0.24 0.10 0.00 0.11 0.04 0.98 2.74 5.28

I Rating 0 0 I I I 1 I 1 I I I I I 1 I I 7 8 9
Solidr 9,98 I :..0 12.72 12.38 15.92
Rating 9 9 9 9 9

(ontaminant Ground Iron Ore (Pfizer B-00985)

scale. A
Solids 0.37 0.31 0.52 0.40 0.56 0.21 0.30 0.36 0.00 0.04 0.28 0.44 1.Z1 1,36 082 0.94 082 062 0U8'-
Rating 2 2 2 3 3 3 3 3 3 3 3 4 15 5 b 6 7 7
Soirds 1.46 2.06 1.52 2.19 2.58 7.32
Rating 7 7 7 8 8 9

'Al) slids determinations mere performed using Mittll!pre 0
.8

p, 17-ram membrane flltrnl. Solids rOalu airtn r b"und on wetght gOin of test membrane ntiltn" to a iunil.o im-hrane used direc tly held- it, mdt are independent of 'ample size. Volume of simles which Save tlhee insults ws 900 to 3900 ml.
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with canisters or 9other separator device) could give fictitious :esults in the same manner as i observed here. Such
effects are probably even mcre severe in larger equipment.

5. Membnbae F!Iter Color latdnp

In an earlier report(5 ), membrane color ratings were listed for filters usod in solids determinations in conjunc-
tion with AI /SS loop tests 225 to 234. Using the same color standards, rating of filter colors was continued through
the end of the test program. An examination of the results obtained has provided a number of interesting observa-
tions. The greatest value of the ratings appears to be their use as a monitor in detecting contaminants, but they can
serve also-as a semiquantitative determination when the type of contaminant is known, as in the present program.

The data which are reported in Table 95 were obtained from samples drawn during AI/SS loop tests 225 to

329. In each case, Millipore 0.8p, 37-mm membrane filters were used.

Results are grouped according to contaminant and rating scale, but no effort was made to arrangeresults
according to additive-fuel combination or to the condition of the fuel, i.e., fresh, clay-treated, or reused. The solids
values reported here are the actual amount of solids deposited on the test membrane (in mg) and are hence-
independent of sample size. A value of 0.00 mg was assigned to those samples which indicated a weight loss of the
test filter relative to the control filter.

Four groups of data were obtained during the course of the loop tests, as follows: Coaise AC dust with B scale,
fine AC dust with B scale, red iron oxide (RIO, Pfizer R-9998) with A scale, and ground iron ore (GIO, Pfizer
B-00985) with A scale. The solids contaminants used are described elsewhere in this report. The color scales used can
be described as follows: B-scale, from white at a rating of 0 through light brown to a very dark brown at a rating of
10; A-scale, from white at a rating of 0 through reddish brown to a very dark red (almost black) at a rating of 10. It
should be noted that at the zero rating, both scales are the same color.

The mean values of the solids con- TABLE 96. MEAN SOLIDS VALUES AT GIVEN COLOR RATINGS
tent, along with the standard deviation,
and the maximum and minimum values Number of ean SD. Minimum Maximumfor each given rating are show-n in Table Solids type Scale Rating samples solidsD. mg oidsmg solidmug
96 and are plotted against the ratings for o p S t

each group of data on semilog graphs in Coarse AC dust B 0 12 0.18 0.14 0.00 0.36
1 14" 0.41 0.31 0.00 1.57Figures 29 to 32. As can be noted, the 2 46 0.74 0.44 0.00 1.87

plots can be represented very well by 3 20 1.59 0.73 0.06 2.96
strsight lines. 4 10 2.81 1.44 1.59 5.52

5 2 2.95 --- 2.04 3.86

The upper limit of the rating scales Hite AC dust B I 9 0.17 0,20 0.00 0.50

is 10, but it is suspected that it is possible 2 3 0.57 0,61 0.1S 0.91
3 I 0.63 ... ...to have a smaller upper limit value if the 4 2 2.43 .. 1 1.99 .7.87

color of the contaminant itself is not as s I 4,8 ... ... ...
dark as the 10 rating foi the scale used.
This appears to be the case in Figures 29 1 14 0.09 0.09 0.00 0.25

and 30, where AC dusts were involved. In 7 0 0.98
both of these cases, no ratings above 3 1 2.14 ......
were obtained and thi., seems reasonable, I 6 11.80 3.77 5.28 15.92

because the color oi the AC dusts, both Ground Irotn ore A 2 3 0.40 0.11 0.31 0.52

fin, and coarse, is about the same as that 3 o 0.27 O08 000 0.56
of the 5 ratinS on the 8 scale. It is be- 4 044 ...

5 1.14 0.23 r.82 1.3o
lieved that once the solid contaminant h I ).8h ... 0.82 0.,4
has ben deposited on the membrnal in 7 1 3 .! 7 0.11o,1 0..%

suffcien 2.1 2.58sufficient quantity to completely cover it, *3..

any increase in cottaminant will no __... . ..
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longer affect the rating and correlation ceases. Therefore, the usable range of the color standards can be a functizrn
of the color of the contaminant itself. A look at the results obtained with RIO and GIO tends to support this
conclusion. The color of these two contaminarts, although not exactly the same, can be matched best by the 9
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FIGURE 29. AVERAGE SOLIDS VS COLOR FIG'URE 30. AVERAGE SOLIDS VS COLOR
RATING FOR COARSE AC DUST RATING FOR FINE AC DUST

AND SCALE 5 AND SCALE B

rating on the A scale. No ratings above 9 were obtained for samples containing either of these two solids. If there is
indeed a smaller usable rating range for coarse and fine AC dust (0 to 5) than for the RIO and GIO (0 to 9), one
imight expect the slope of the lines in plots of ratings vs solids to be greater in the case of the light-colored
contaminants (range 0 to 5). Figures 29 to 32 do show this to be true. Hcwever, this effect may also be a result of
the density and particle size distribution of the different contaminants.

Because the data reported here were collected as extra information and not as the result of a carefully planned
evaluation of the color standards, they do not lend themselves very well to statistical analysis. Although in every case
there appears to be a relatively high degree of correlation between solids content and color rating, it is quite possible that

an even higher degree of correlation could be obtained by periorming solids determinations while controlling such
factors as fuel-additive blend, fuel type, fuel treatment, and fuel free water content. The correlations shown here do
point out the potential usefulness of the color ratings in filter-separator testing and related research on fuel
decontamination.

S. FSII Determinations

9. Introduction

Analyses for FSJI content of test fuels were performed regularly during the AI/SS loop tests using
clay.treated fuel. Most of these analyses were run by the differential refractometer method (FTMS-791h Method
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5340) that is specified in MIL-T-5624G as an alternate for the dichromate-titration method (FTMS-79 la, Method

5327.3).* The refractometer method has advantages in time and ease of determination. However, certain problems
in technique and ambiguities in the procedure had not been noted, and it appeared further that the method was
giving consistently low results. The work reported here was an exploration of these deficiencies and their correction.

In the dichromate method, a 25.ml sample of the test fuel is extracted with 25 ml of water, the aqueous
layer ib drained off, and an aliquot portion of the aqueous layer is then titrated with standard dichromate solution.
The dichromate solution is standardized against known mixtures of FSII and water.

In the refractometer method, an 800-ml sample oi the test fuel is extracted with 50 mi of water, and a
portion of the aqueous layer is drained off into the refractometer cell. The refractometer reading obtained on this
aqueous solution is used, with a calibration cure, to determine the FSII. content of the otiginal fuel sample. The
calibration curve is established using known mixtures of FSII and water.

Two important points should be noted. First, both methods ace predicated on lO0'( extraction of the
FSII from the fuel into the aqueous phase, since the itandadization (or cahbration) is boed on FSl!-water blends of

known concentrations. Second, the extraction volume ratio of water to fuel is l/ I in the dhoromnate method but
1/16 in the refractometer method.

*FTMS-791a was superseded by FrMS-791b in )a -"uny 1969 Howevet. Ihq twn -."thd j qualow tmrvd unwt~and (U'nt.

designations in FTMS-791b are Methods 53t7. 1.nd 3340.1.
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b. Test Materials

All tests reported herein were conducted with uniniibited JP-5 (Ashland). The FSII was the standard
MIL-1.27686D material, consisting of 99.6% ethylene glycol monomethyl ether and 0.4% glycerol.

Normally, FSII is specified for use in JF.4 fuel but not in JP-5. However, the results obtained here with
JP-5 are equally applicaWe to JP-4 so far as the basic comparison of the two methods is concerned. Other work
reported here, dealing with relatively minor changes in technique, is strictly applicable to JP-5 or kerosine-type fuels
only, When applicability to JP.4 is doubtful, this is so indicated in the test.

c. Initial Calibration Curve for Refractometer Method

Standard solutions of FSII-water were prepared in accordance with Paragraph 4.1 of Method 5340.
These solutions are supposedly equivalent to FSII concentrations of 0.05, 0.10, 0.15, and 0.20 vol % FSII in the
hypothetical fuel from which the FSII would have been extracted. This supposed "equivalency" is purely arithmetic
and is based on the assumption that all of the FSII originally present in the fuel is extracted into the water layer.

Differential refractometer readings obtained on these FSII-water solutions were as follows:

Refractometer reading at indicated
volume % FSII in fuel

0.05 0.10 0.15 0.20

0.57 1.17 1.86 2.52
0.57 1.22 1.86 2.52
0.61 1.25 1.83 2.54
0.56 1.22 1.86 2.53
0.54 1.23 1.88 2.51

The above data were used to plot curve (b) of Figure 33. Curve (a) is the calibration curve furnished by
the instrument manufacturer, but it refers to a cell different from the one used in the work reported here. It will be
noted that the experimental data give a linear plot (b), as do the manufacturer's data for a different cell.

d. Calibration Curve Established with Standard FSII-Fuel Blencls

Six 800-mi blends were prepared with FSII contents of 0 to 0.20% in JP-5 base fuel, Each fuel blend was
shaken vigorously in a separatory funnel with 50 ml of water for 3 min. then allowed to settle for 30 sec; a small
amount of the water solution was then drawn off and placcd in the refractometei- cell. This is the standard procedure
for Method 5340.* Results were as follows:

Refractometer reading at actual
volume %1o FSII in fuel as shown

0 0.037 0.075 0.1125 0.15 0.20

0.58 0.69 0.84 1.57 1.74 2.51
0.70 0.42 0.83 1.29 1.82 2.63
0.12 0.41 0.93 1.25 1.74
0.04

I [he 3o s;. mtiig tinc is not specified in Method 5340 but is specified in the procedure furnished by the manufacturer of the
fe I't .n. I IlIL t e. r.
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FIGURE 33. FSII CONCENTRATION IN FUEL VS
REFRACTOMETER READING

Considerable scatter exists in the above data. This is believed to be the result of horizontal strata or
lace-like lines observed in the refractometer cell, probably caused by fuel-contaminated samples. In the extraction
step, after 30 sec of settling in the separatory funnel, there was a considerable amount of lacy emulsion in the water
layer when fuels containing up to 0.10% FSII were extracted, quite frequently, as much as I min ot settling time was
needed to get a distinct, lace-free interface. At higher FSII concentrztions, the interface developed rapidly enough to
permit drawing off a water sample free of fuel. Even with a fairly clean separation, there wa,: some tendency to
entrain traces of fuel when draining the aqueous layer, presumably belause of fuel trapped on the walls of the funnel
near the bottom.

In an effort to alleviate this problem, a procelire was adoptod in which the aqueous-layel sample was
drawn off into a smaller. separator, funnel, and additional time was allowed for separation of fuel and water. The
addition of a polyethylene needle on the drain tube of wie smaller funnel permitted draining the aqueous
sample directly ir.to the refractometer cell without any possibility of contact of the needle with fuel. OIn the
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standard method, a sample of the aqueous laye7 is drawn into a cortainer, and a portion of this is transferred
by syringe to the ccll. In this procedure, any traces of fuel in the water sample may contaminate the needle of the
syringe.)

Using the revised techniqtic, a ntimber of additional tests were perfortned; these result!,, plotted to give
curve (c) in Figure 33, are very consistent with iittle scatter. Curve (c) is seen to lie above the calibration curve (b)
that had been established by the standard method using FSII-waier blends. This discrepancy between tite two curves
is attributed to incomplete extrac tion of FSII from fuel.

If the standard-viethod caliration curve (b) is used in tests on fuel samples, the indicated FSII con,;er-
tratiorn is too low by 8 to 12% of the true value obtained from curve, (c). At 0.10% actual FSII c )ntetit from cuirve
(c), the value read from thei standard curve (b) is 0.09%, i.e., low by 10%0 of th~e true value.

e. Comparison of Mod~fied Refractomeater Method with Dichrorrito MethodF

Two 825-mi blends of FSII in fue! were prepared, 0.I1011c and 0.20% by volume. Twenty-Five ml of each
fuel blend was pipetted out for analysis by the dichromate titration method, and the remaining 800 ml of fuel blend
was analyzed by the modified refractometer method. Results of these determinations are as foilows:

Indicated FSII conjten~t, vol %X
Actual FSII content, Refractometer Titration

vol % method* method

0.10 0.101 0.105
0.103 0.109

0.20 0.205 0.226
0.206 0.217

0.205-1
___________ ___________ 0.203t-

*Based on curve (c) (water extracts from fuel).
tUsing fresh di~hrornate solution.

Both methods indicated FSII contents ihat agreed closely with the known concentrations. It should be
noted that these retractometer results are based on the m~e of curve (c), which had been constructed from data on
fuel-FSIl blends rather than from the water-rsil blends specified in the regular FTMS method. The results suggest
very strongly that the refrartometer method, should incorporate the use of a calibration curve based on fuel-FSII
standards.

f. Discussion

The unduly v ow results obtained by the standard refractometer method (FTMS-791 a Method 5340) are
undoubtedly caused ')y incomplete extraction of the FSII from the fuel in the single extraction that is used.
Assuming a distribution coefficient of 20011 for the FS~i between the wva ei and f'el phases using 800 m! of fuel
and 50 nil of water. '1.4'1t of .he original !imount of FSII will remain in the fNe phase. This means that e~ven with
vc,,y ,igoruus and long-timne shakiing it) ensure equil~brium, the maximum legree of extraction that can be achieved is
only 92 11". This situation does not exist in the dichromate titrition method, whete the watet/fuel ratio in the
rxtractiou is inuc- greater. Se. that an extraction efficiency of 99.5%X can ue achieved at equilibrium. Therefore, the
standard if[TM'I rct'ractonicter method mnust invariably give lower results than the sta" Jard (FTMS) titration
mrethiod if' hoth pr.icedures are iuin in uccordance with the published test methods, it will be noted that the
experimental result-, rtportod here are in Vood agreerrient with theory. The actual deviations (8 to 12% low) are
sorn ýw-jt grearr than the 7.44. predicted by theory, but iocornplete equtilibration dui ing the extract'lon and settling
tcould be tieponusble for the slight additional error in the standard refractomneter method. To obtain con~ec results
by the riefr,,cloneter mnethod, it would lie urecessory to do one (A the following: (a) change te a two-extraction
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procedure, (b) establish the calibration curve on the basis of fuel-FSII blends rather than water-FSII blends, as was
done here, or (c) apply a correction factor to the results. The use of a correction factor would be undesirable
because it would necessarily be based on an assumed distribution coefficient that might be in considerable error for
some fuels.

If the inherent error in the standard FTMS refractometer method (some 8 to 1 2%) is a serious drawback
to its use for specification and quality control purposes, then the method should be changed along one of the lines
indicated above. Calibration based on fuel-FSII blends can be recommended as a sound solution of the problem on
the basis of the present experimental work. For maximum precision, the fuel used in calibration should be the same
as the Aidl being analyzed.* Any other solution of the problem would require further experimental work.

The inherent error in the standard FTMS refractometer method is present whether JP-4 or JP-5 fuel is
being analyzed, since these two fuels are quite similar in FSII-fuel-water distribution coefficient. Deviations in
distribution coefficient within a given grade (JP-4 or JP-5) are probably greater than the deviatior between
"average" JP4 and "average" JP-5. Other things being equal, the FSII distribution coefficient (Cwater/Cfuel)
should decrease with increasing content of aromatic hydrocarbons.

Thus, it is a near certainty that the situation with JP4 will be analogous to that with JP-5, in that the
standafd FTMS refractometer method will give results that are significantly lower than those obtained by the
standard FTMS dichromate-titration method, the latter being much closer to the true values.

Some modifications in extraction technique, such as those described previously, are necessary for use
with JP-5 fuel. Such modifications may or may not be necessary for use with JP-4 fuel, which separates from water
more readily. However, JP-4 with corrosion inhibitors may also offer problems in separation of the aqueous layer. It
is suggested that the FTMS method should incorporate specific instructions on how to avoid contamination of the
drain water with fuel. For example, when shaking liquids in a separatwry funnel, it is normal practice to vent the
funnel periodically by opening the drain while the funnel is in an inverted position. If there is any pressure buildup,
this venting will force fuel-water mixture into the drain tube, resulting in contamination of the final drain water.
Such venting is obviously undesirable, and the procedure should describe a difterent venting technique. The use of a
second separatory funnel equipped with a needle on the drain line (as described in this report) appears to be a 1'ery
worth-while modification.

g. Conclusions and Recommendations

It has been demonstrated that the refractometer method for FSII content (M~thod 5340) gives r,,ults
some 10% lower than the true values wnen used on TP-5 fuel without corrosion inhibitor. This discrepancy 's caused
in large part by incomplete extraction of the FSII from the fuel regardless of shaking time, since equilibrium theory
predicts about 93% extraction as the maximum possible. It is a virtual certainty that the sam,.e consideration will
apply to JP-4

When the refractometer calibration curve is bhsed on FSII-fud standards ra:her than the FSil-wa:•'
standards specified in Method 5340. the results give good checks with the true FSIl conents and with the re',ults
obtained by dichromat- titration (method 5327.3).

With JP-5 fuel, modifications of the extraction and sepawation techlnique are necessary te ensure fuel-free
drain water. Such modifications may be necessary and are certaiorsi desirable for JP-4 fuel, particulariy for JP-4
containing any corrosion inhibitor that interferes with fuel-water separation.

*It is recognized that such calibration would be difficult in many cases. whe.: the correspending addiive-tree fuei is not availbu'., In
such cases, calibrations could be based on a fuel of the same grade (e.g., 3P4) approxintiN an "avr•ge" fuel for the grade.
Alternatively, a portion ,3f the test fuel itself could be extracted with sufficient wate- to remo',e essetialtyPllt thc I SiI, then
reblended with FSII to nv.ke the standard blonds. This method would be precise -tal t Vq-colsunsing.
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For analysis of 0-5 fuel by the refractometer method, it is recommennded that all of the mot~ifiactionh
dexcrbed htre~n should be adipted. This applies to any filter-operator tesn work involving W.-5 containing FISH, and
toy an; tgysis' of kerosint-type fuels fev FSII content.

For analysis of Jp-4 fuel, it is recomnuended that Method 5340 should be changed so that the calibration
curve is W .ed on FSIl fuel standards rather than on FSI1-water standards.

The generation of static c:harge in jet turbine fuels flowing at high velocity presents a serious hazard in
transpoiting and storing, fuel. Charge genceation rates are especially high in fuel pussing through filter-sepsrators

Two methods of minimizing the static charge hazard are as follows:

"* The use of antistatic additives which serve to increase fuel conductivity and hience increase the rate
of static charge dissipation.

"* The incorporation in the flow system of a device which bleeds o '*the static charge to ground.

In the static elect ri ficat ior. progam reported herein, bith miethods were evaluated. A total of 16 tests
were run on the following fuel blends:

Uninhibited JP-S

JP-5 + 0.2 ppm ASA-3

JP-5 + 1.0 ppm ASA-3

JP-5 + 4 lb!Mbbl AFA-l

JP.5 + 4 lb/Mbbl AFA- I + 0.2 ppm ASA-3
iP-5 + 4 lb/Mbbl AFA-l + 1.9 ppm ASA-3

Static charge generation was effected by passing the fuel through a filter-separator. Afttr lcv;gthe ffiter-separatur.
the fuel passed through a device known as a Static ('hge Reducer. Static charge density was meaured before and
after the Static Charge Redticer.

b. Apparatus and irncedures

The matidgr comnportents of the Static C'harge Reducer tp-.t setup g~re as foilows:

Static Charge Re-ducer, A. 0. Smith, Model -ýCR-o-lo

Sensor Housing, A. 0 Simiin, Model H-44

Se,or tliusmig. A. 0. Sinith. Model H14-10)

Sen-sAt Onric Head, % . 0. Smith, Model Sf)-'

Ilectroirieicr. A 0) Smith, Model ENVOO

Temprs atare indicatot, Yellow %prings Instrument

.Strainer lifodi., Model 0-6~, size 6

1lownrm'er. totihzimg, Brudie. fype 13-810-13C

Filler.%epairalor. Fi-i, Model FCS i 259-1 2F2
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The static electrification teats were all concte usngth Ow artu Mow " shelnsemiceily ink Fogue 34.
Fusel from one of the IS~)O~u underground stoupg tank was circuitied throush a EO0gpm pumping loop sad
returnd to the smns stouag tank. Pud fronm the loop Was dirtdW throestu the :1tatic electuflcatiw test bypes.
encotttefing in succession a bucket strahuer, llowmwete, fllter-sepisrator, cagd ensit wenow housing. Static Chope

Reducer, and a seond clu~rgsdesot sensor housing.

FIUE3.DIGAFSTTCCAG
REDUCR TES SETU

T, ~ ~ ~ ~ ~ 3 heefcieo fteSai hpRdcffC)wsdtriw yrewigtecapdut

offul ntfi id eat heSC, hap enit ws etrtind y et te uren foSr*frm "o

hoxn hoo h m rdie a oteeecrtee.Ashesno rvehi a e 41 te osM a
movd ac ad orh etomth to enorhos~. uretruww4 iswecovre o-hr est

Ine pepfectiven~ for then Stawtbic Charge Reucer (R)was detsermn~ed b r~m-lreasrind the~e hargedtity

new elements.

The wqusn' of procedusiva used in 1we test Was as follows'

* A fWe bWen was preprd by VecsigtW e awdditftino INSt ck-culsting Wue by muam 4 a 11i4to.
stAiles steel Nio frot the asdaiti mom" rinysbceu 0i the A I/SS Imop, the nwetaqn iyitem is
dwAeribe n vearle repet,(3) The tdifw was iected si a ate co upOtdAg" to the Cmol'
welCloncepruio-.Th* ko~ctios poent was in the fWital ie totteieq the lfiteitwpiwviou Aft~e
additive injection was compleied. fuel flow was conitinud to p"e two compicte tumfowvet of the
tink contents.

* The tempeatrew &Md tondisctMy of fth Wae i the stotapt tank we!e easamed
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"* Fuel flow was stared, and the desired flow rate was established duriaig a is-rmin pre-test period.

" Without interrupting fuel flow, a 30-man test was performed. During the tst period, the fuel
temperature, fael charge density before and after the SCR, and pressures before and after the
straiaer were measured at 10-min intervals.

"* The temnpeature and conduct;vity of the fuel in the storage tank were measured again, 45 fin
after stopping fuel flow.

The first eight tests were run using 15,300 gal of JP-5 (batch 24). The test fuel volume includes 14,200
gal in the storaga tank plus an estimated 1,100 gal of fuel holdup in the sections of the loop below the storage tank
fuel level. After completion of the eight tests, the fuel was scrapped, and the storage tank,f.00-Spm loop, and -tatic
electrificat~on bypass were fiumhed with two 5,000-gal loads of uninhibited JP-5. Each flush load was circulated
through the system for 2 hr at 60C gpm.

The last eight tests were run using a test fuel volume of 11,500 gal of JP-5 fuei (batch 25).

Two additives were used in these tests: Shell anti-static additive ASA-3 at 0.2 and 1 .0 pp-n (wt) and
duPont corrosion inhibitor AFA-l at 4 lb/Mbbi.

c. Test Re-quts

Individual test results ere given in Tab.e 97. Examination of the table reveals that both the flow rate and
the static charge density measurements remained nearly constant dimring each 30-mrin test.

Conductivity of the fuel in the storage tank was measured before and after each test. Th.-se measure-
ments differed very little; therefore, the means were -Ised for correlating the data. A plot of static charge of fuel
eittering the SCR (or leaving the filtei.separator) vs fuel conductivity (Figure 35) shows that, for tests at noninal
flow ratez of 300 and 600 gpm, there is negative linear correlation between static charge and fuel conductivity. -
Rrdgression and correlation calculations were performed with the following results:

Probability of a

Nominal flow Correlation larger correlation
rate, gpm Regression equation coefficient coefficient by chance, %

300 y - -3.Olx + 270 -0.82 2-5
600 y = -3.82x +,416 -0.89 0.1-1

The results are in agreement with the known effects of fuel cond'uctivity and flow rate on static chdrge generation.
Charge generation decreases with increasing fuel conductivity and increases with flow. Possibly better correlation would
have been obtained if the flow rate could have been set more precisely. The principal problem in setting flow rate
wac the flow rate measurement. Flow rate was determined by reading the flowmeter at 10-min intervals. The rapidly
changing numbers on the meter, especially at higher flow rates, made readings dCfficult.

It should be emphasized that the two regression lines plotted in Figure 35 are sirictly applicable
only to the particular fuel blends, conditions, and equipment used in these tests. The behavior of similar
blends would probably be characterized by different regression equations even under identical conditions.
Also, the design and condition of filter-separator elements, the free water and solid contaminant
concentrations in the fuel, and the fuel temperature would all affect static charge genleration.

Fuel temperatlr,., rise ranged from 0.7' to 2.30 F in these 30-mio experiments, and there was no
correlation between tcrnt.tature rise and fuel flow rate.
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TABLE 97. STATIC ELECTRIFICATION TEST DATA

Si '"Static
Additives in Co- a u w Strainm" chmp demity,

Test JP-S fuel pico-ho/m and Bend T ow
t .) tine, mte, Tzmp,

no. ASA-3 AFA-1, ia, h, 0. pressure, Before After? pm •/Mbl Beforej After iJ Spi n pm °
rern ltst.lpsi SCR SCR

0 I 0 (-) 68) - 0 784 12 --408 0I10 - 781 12 -408 0
20 - 79t 12 -408 0
30 280 79t 12 -408 0

2 0 0 0(-) 0(--) - 0 - 8o0 30 -500 0
10 610 801: 28 -492 a
20 510 80t 28 -492 +15
30 610 811: 28 -492 +15

0.2 0 25(71) (-)'24 0 - 71 28 --154 0
10 620 72 26 -154 0
20 550 72 26 -146 -15
30 59G 72 26 -146 -15

4 0.2 0 25(71) -) 48 0 - 72 12 -108 -7

- 10 310 72 12 -100 +7
20 310 72 - -93 +7
30 310 73 - -93 +7

5 1.0 0 105(72) 105(72)' 241 0 -- 72 26 I -7 +12
I 10 570 73 26 I -7 +19
.20 57b 73 261 -7 +191 30 580 73 26 -7 4-21

6 1.0 0 100(72) 1 105(74) 28 0 - 74 12 +15 +15
13 250 74 12 +19 +15
20 250 74 12 +19 +15
30 250 74 12 +19 +15

7 1.0 4 90(75) 95(75) 16 0 -- 75 30 -123 +31

10 610 75 30 -123 +15
20 610 75 ' 30 -123 +15
30 610 76 30 -123 +15

8 1.0 4 95(75) 95(76) 18 0 - 74 12 +15 +23
10 250 76 12 +19 +-27
20 250 76 12 +19 +23
30 250 76 12 +12 +19

9 0 0 10(69) 9(74)0 -- 72 34 -423 0

10 590 73 34 -43! 0
20 590 74 34 -438 0
30 590 75 34 -423 0
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TABLE 97. STATIC ELECTRIFICATION TEST DATA (Cont'd)

Additives in Conductivity*, Static
Aesv in pico-mho/m and Test Flow Strainer chaige density,

Test JP-5 fuel (Blend time ratc, Temp, outlet 11C/m
3

no. Ae-3, AFA-, t age. hr me pressure, Before Afterpp l!Mbl Before After a mhr rin gpm OF

PPM lb!Mbbi s SCR SCRtest testt p____R__

10 0 0 10(73) 9(74) - 0 - 75 19 -269 0
10 280 75 19 -269 0
20 300 76 19 -269 0
30 300 76 19 -262 0

11 4 10(83) 10(84) 3 0 -- 84 34 -400 -38
10 630 84 34 -400 -15
20 630 85 34 -392 -15
30 620 85 34 -392 -15

12 0 4 10(84) 15(86) 5 0 ... 85 47 -392 -15
10 610 86 34 -384 -.8
20 611) 86 34 -384 -8
30 610 86 34 -377 -•

13 0.2 4 30(81) 35(82) 2 0 82 34 -270 0
10 580 82 34 -262 0
20 580 83 34 -262 -15
30 580 83 34 -254 -8

14 0.2 4 30(79) 25(78) 97 0 -.. 78 19 -115 0
10 300 78 19 -108 0
20 300 78 19 -123 0
30 300 79 19 -115 0

15 1.0 4 45(80) 40(81) 2 0 -- 81 39 -246 C
10 620 81 39 -239 -15
20 620 82 39 -239 -8
30 620 82 39 -239 -8

16 1.0 4 40(81) (-) 5 0 ... 81 20 -100 -8
10 320 82 20 -100 -8
20 320 82 20 -100 -8
30 320 83 20 -100 ..

*Measured by means of Maihak conductivity meter.
tMeasared 45 min after fuel flow was st-pped.
$Readings may be too high due to faulty battery in temperature ind~catur.
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The basket strainer outlet pres- S- 41

sure is, for all practical purposes, the same as
the inlet pressure to the fidter-separator. This 0 3GM

pressure increased with flow rate, as would 4, - ee
be expected. Pressures at nominal flow rates 0 0 0oM

of 30G and 600 gpm ranged from 12 to 20
psi and 26 to 39 psi, respectively.

Examination of the condensed ,
test results (Table 98) shows clearly that the f N

SCR effectively reduced the static charge 3 N

density of the fuel parsing through it. The N -
greatest reduction in static charge density •
occurred in two tests using uninhibited JP-5 a N
at 600-gpm nominal flow rate. In these two N ,N

tests, static charge density was reduced from N

-492 and -429 microcoulomb/m 3 before 0-
the SCR to +8 and 0 microcoulomb/m' 0 20 0 , so 120

after the SCR. In the remainder cf the teste, Fue m.g4iy. ow.•mol

static charge density in the fuel entering the
SCR was lower, apparently because of lower STATVS COND FCTIVTTN
flow rates andicr the presence of ASA-3. 5CR VS CONDUCTIVITY
For all fuel blends tested, the static charge
density of fuel leaving the SCR was less than 30 microcoulombs/m 3 which is generally considered to be a
"safe" maximum, below which there is slight danger of ignition due to sparking.

TABLE 98. EFFECT OF STATIC CHARGE REDUCER ON STATIC CHARGE DENSITY
OF VARIOUS FUEL BLENDS

Additives in Nominal flow rate 300 gpm Nominal flow rate 600 gpm
JP-5 fuels -- Avg static charge density, Avg static harge density,

ASA-3, AFA-l, Te. pC/M3  Test pC/m 3

ppm lb/Mbb! no. Before SCR After SCR no. Before SCR After SCR

0 0 1 -408 0 2 -492 +8
10 -266 0 9 -429 0

0.2 0 4 -99 +7 3 -150 -7
1.0 0 6 +18 +1I 5 -7 +18
0 4 .... 11 -396 -21

12 -384 -10
0.2 4 14 -115 0 13 -262 -6
!0 4 8 +16 +23 7 --123 +19

j16 -100 -8 15 -241 -8

Thr effect of ASA.I concentration on static charge bii!dip is shown in Figures 36 and 37. In Figure 36,
the static charge density of the fuel just hefore entering the SCR is plotted against flow rate tor JP-5 wii;,
and without ASA.3 additive. The level of static charge density decreases sienificasitly as ASA.3 concentration
in,;reasei from 0 to 0,2 and 1.0 ppm. The decrease in charge density does not appear to be proportional to
ASA-3 concentration over the concentration used in these tests. The decrease in static charge density effected
by the fi.-st 0.2 ppm of ASA-3 is more than twice the decrease resulting from an additional 0.8 ppm ASA-3.
Optimum concentration of ASA.3 in this case A evidently srmewhat under 1.0 ppm.
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FIGURE 36. STATIC CHARGE OF FUEL ENTERING SCR VS FLOW
RATE FOR JP-5 WITH AND WITHOUT ASA-3

5M0

E 40D P4. 4 WNW A1A-1

300

•'- P.5p + 4 61M AFA-1 I
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'-11 + '4bIAFA-1
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FIGURE 37. STATIC CHARGE OF FUEL ENTERING SCR VS FLOW
RATE FOR JP-5 + 4 LB/MBBL AFA-I WITH AND WITHOUT ASA-3

In Figure 37, similar plots of static charge density vs flow rate are shown for JP-5 fuel + 4 ib/Mbbl
AFA-1, with and without ASA.3. Again, successive additions of ASA-3 result in appreciable decreases in static
charge density. However, the presence of 4 lb/Mbbl AFA-I appears to decrease the effectiveness of the ASA-3 in
reducing charge buildup. In this case, an ASA-3 concentration somewhat greater than 1.0 ppm appears to be
necessary for reduction of static charge density to within the 0 to 30 microcoulomb/m 3 range.

The repeatability of results was reasonably good, judging by the limited number of duplicate test results
available. So far as the "after SCR" charge densities are concerned, little difference existed and all were below 30
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microcodlombs/m 3 . The "before SCR" charge densities, reflecting the behavi of the fuel-additive combinations,
showed some fairly large deviations between the results of duplicate tests:

300 gpm 600 gpm
First Second First Second

test test test test

No additive -408* -266 -492* -429
AFA 4 lb .. . -396 -384
AFA41b, ASA I ppm +16" -100 -123* -241

*Fuel batch 24; others batch 25.

In the tests with uninhibited fuel, the TABLE 99. CUMULATIVE BLEND AGES OF FUEL
charge densities were smaller in the second test USED IN SCR TESTS
than in the first test, but of the same sign and

* same order of magnitude. The difference may re-
* flect different behavior of the two batches of fuel. Time after bringing additive

Test to indicated concentration, hr
In the tests with corrosion inhibitor no. ASA-3 AFA-I

only, two successive tests on the same fuel blend 0.2pp-m 1.0 ppm- 4 lb/Mbbl
gave very close agreement of charge densities.

Batch 24 juel
In the tests with corrosion inhibitor I ....

and antistatic additive, the second test at each 2 ...
flow rate gave a larger charge density (in the nega- 3 24 -

tive direction) than did the first test, and there was 4 48 ..
one reversal of sign between the two tests. This 5 144 24 ...
difference may reflect variations in the blending 6 148 28 -
schedule and the age of the blends when IF:sted. 7 168 48 16
Cumulative ages of the blends are listed in Table 8 170 50 18
99. In the first series (batch 24 fuel), the final -

blend with 1 ppm of antistatic additive and 4 Batch 25 fuel
lb/Mbbl of corrosion inhibitor had been up to full 9 ...
strength in antistatic additive for 48 to 50 hr and 10 ......
had -ontained corrosion inhibitor for 16 to 18 hr; 11 -... 3
for the second series (batch 25 fuel), the respective 12 . .. 5
ages were 2 to 5 hr and 166 to 169 hr. 13 2 - +8

14 97 - 143
d. Conclusions 15 120 2 166

16 123 5 169
Based on the test results, the major

conclusions are as follows:

0 The Static Charge Reducer effectively reduced the static charge density of all fuel blends tested,
both at 300-gpm and 600-gpm nominal flow rates.

* The antistatic additive ASA-3 was very effective in minimizing static charge buildup in uninhibited
JP-5, somewhat less effective in the presence of AFA-I corrosion inhibitor.

It should be noted that all of the evaluations in this program were based on measurements of charge
density in a short flow line, without any relaxation chamber or receiving tank in the test system. Therefo,r,
the program did not provide any information on the relative performance of fuels and additives in systems
including such cumponents.
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B. Solids Detrminations wilh Silver Membrane Filters

During the development of analytical techniques for the determination of solid content in both fuel and water
samples, studies wnre made of the applicability of silver membrane filters. Earlier data bad indicated that the 0.8 I
membrane filters specified for solids determinations on fuels contain significant amounts of water-soluble piasticizers
and are highly unsuitable for analysis of water samples. Silver membrane filters of equivalent pore size (Selas
Flowtronics 0.8 p) were obtained and tested, and were found to exhibit superior perforniance in filtering water
samples. Early in this program, they replaced the Millipore membrane filters in the determination of injection-water
solids content.

An attempt to adapt these same silver filters for use with fuel samples produced discouraging results. When the
silver filters were tested with a few samples of fuel known to contain red iron oxide (Fisher 1-116), passage of
significanlt amounts of the contaminant was observed. Although no quantitative data were obtained, the amounts of
red iron oxide passing into the filtrate were obv'ously greater than expected wit', the standard 0.8 A filters, and were
sufficient to eliminate the silver fil'er from further consideration in fuel analysis. The better retention of the

standard, nonmetallic membrane filtert (with the same nominal pore size) is suspected to be a function of static
charge buildup, but this phenomenon was never investigated sufficiently enough to produce any concrete con-
clusions.

For analysis of water samples, static charge buildup cannot be a factor in retention, and the use of the silver
filters is justified.
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TABLE 100 . SINGLE-ELEMENT LCOP TEST NO. 243 Date: 14 Oct 68

Loop no. 3(AI/SS) Housing: 8" IT) Aluminum
Element: Filters Inc, I 4208 Lot 465
Canister: Do)' type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80 ..
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpm to end of test.

Solids injection schedule: 5.72 g/rmin from 0 min to 20 psi, then
discontinue 15 min, then 5. 72 g/min to

end of test.

Test fuel JP-5 batch no. 23 , fresh
Date blended with additives: 14 Oct 68
Anti-icing additive 0.15 vol %, Dow, Lot 0226816

Corrosior inhibitor 20 lb/Mbbl, Du Pont RP-2 , Lot 333

Test duration, min 44 Calculated dirt loading, g 166

Fuel throughput, gal 894 Actual element weight gain, g 164

Average rate, gpm 20.3

Time 0 min End Test

Meter reading, gal 311 12G5

Screen &P, psi 2

Cleanup AP, psi 1 1

Analysý"' on influent fuel:
Time "re-Test

WSIM, distilled water 48

IFT, distilled water, dyn/cm 27.4

Analyses on injection water:
Time Post-Test

Solids, mg/liter 0.1

pH 7.3

ST, dynicm 7Z. 3
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TABLE 100. SINGIXE-ELEMENT LOOP TEST NO. 243 (Cont'd)

Time, A~P, Totamitor Effluent, mg/liter Influent fuel
min psi Infi Effl Solids Free water temperature.*F

0 1. 6 0 0 80
Vt5 1. 6 0 1 0.27 0-1 80

10 1.9 0 1 80
15 2. 4 0 80

4.0 0 'A 80
25 9.8 0 1 80
28 20.0 0 1 0.27 5-6 80

3231.2 0 45 0.13 2fl+++ 80
33 31. 5 0 42 0.1 20 Z+++ 80
38 34.4 0 70 zo0H4 80

036. 5 0 99 20+++ 80
44 A.0.0 0 1 oo+a 0.23 20+++ 80

a. The initial time of t-he peak L~tarted at 20 psi + 20 sec.
The peak value of 100+ lasted from 20 psi + 12 min + 30 sec to tke end of test.

Schedule- Minutes Wat Solids, gimin

0-28 0. 002 S, 72
Z8-43 0.2 -

43-44 0.2z 5. 72

Ise

4- T1 i dI

Test ttme. (ninut.eu



TABLE 101 . SINGLE-ELEMENT LOOP TEST NO. 244 Date: 15 Oct 68

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 465

Canister: DoD type I

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, °F 80

Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpm to end of test.

Solids injection schedule: 5.72 g/mrin from 0 min to 20 pEi, then
discontinue 1 5 min, then 5. 72 g /nin to
end of test.

Test fuel JP-5 batch no. 23 , fresh

Date blended with additives: 115 Oct 68

Anti-icing additive 0.15 vol 16, Dow, Lot 0226816

Corrosion inhibitor ZO lb/Mbbl, Du Pont RP-2 , Lot 333

Test duration, min 54 Calculated dirt loading, g 263

Fuel throughput, gal 1085 Actual element weight gain, g 257

Average rate, gpm 20. 1

Time 0 min End Test

Meter reading, gal 298 1383

Screen AP, psi 2 2

Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Pre-Test

WSIM. distilled water 36

IFT, distilled water, dyn/cm 26.8

Analyses on injection water:
Time Post-Test

Solids, mg/liter 0.0

pH 7.3

ST, dyn/cmn 72. Z
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TABLE 101. SINGLE-ELEMENT LOOP TEST NO. 244 (Cont'd)

Time, &P, Totamitor Effluent, ma/liter Influent fuel

minn psi Infl. Effl Solids Free water. temveratre.'F

0 1.6 0 0 80
5 1.7 3 0 0.21 14-15a 80

10 1.9 0 0 15-16 801is 15 .0 0 80
20 2.3 0 0 80
25 z. 6 0 0 80
30 3.3 0 0 80
35 4.4 0 0 1
-xU 7.4 9 0 8
42 --- 0 0 3--4 80
45 16.4 0 0 80
46 20. 0 0 0 0. 3Z 12-13 80
51 35.0 0 0 0.13 6-7 80
54 40.0 0 0 0.1.0 '9-20 80

a. AEL- -Fine distribution; irregular uattern.

Schedule: Minutes Water, gpM Solids, I/mul

0-46 0.002 5.72
46-54 -0.2 -

100

04
110

0 20 40 60 g0 100 120
Test time, minutes
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TABLE 102. SINGLE-ELEMENT LOOP TEST NO. 245 Date: 16 Oct 68

Loop no. 3(Al/SS) Housing: 8" ID Aluminurn
Element: Filters Inc, I 4208 Lot 465

C&niater: DoD type i

Procedure no. 03-A Fuel flow, gpm 2n

Water: Filtered Tap Water Fuel inlet temperature, F 80

Solids: Coarge AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 6.002 gpm from 0 min to 20 psi, then
t. 2 gpm to end of test.

Sc'idb injection schedule; 5.72 g/min from 0 min to Z0 psi, then
discontinue 15 min, then 5. 72 g//min to
end of test.

Test fuel JP-5 batch no. Z23 , fresh
Date blended with additives: 16 Oct 68
Anti-icing additive 0. 15 vol 0/, Dow, Lot 0ZZ6816
Corrcsion inhibitor 20 lb/Mbbl, Du Pont RP-Z , Lot 333

Test ouration, min 53 Calculated dirt loading, g 200

Fuel throughput, gal 975 Actual element weight gain, g 218
Average rate, gpm 19.5

Time 0 min End Test

Meter reading, gal 305 1280
Screen -AP, psi 2 2

Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Pre-Teet

WSIM, distilled water 40

IFT, distilled water, dyn/cm 27.0

Anayses on injection water:
Time Post-Test

Solids, mg/liter 0.0

pH 7.3

ST, dyn/cm 72.3
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TABLE 102. SINGLE-ELEMENT LOOP TEST NO. 245 (Cont'd)

Time, 'a, Totamitor Effluent, ng-/liter Influent fuel
min vat Inf Soli.ds Free water temperature,

0 1.5 0 0 80
I'5 1.5 0 0 0.19 4 -5 a 80

10 1.5 0 0 80
15 1.9 0 0 80

?.02.4 0 0 80
25 3.8 0 0 80
30 11.6 0 0 80
33 20.0 0 0 0.21 7-8 80
38 31.2 0 1 0.08 16-17 80
43 34.0 0 1 18-19 80
48 35.9 0 1 16-17 80
50 40.0 0 1 0.10 11-12 80

a. AEL- -hard to read; fine dispersion.

Schedule: Minutes Water, gprn Solids, g/min

0-33 0.002 5.72
33-48 0.2 -

48-50 0.2 5.72

1002 06 8 0

TeL 00e.mue
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TABLE 103. SINGLE-ELEMENT LOOP TEST NO. 246 Date: 18 Oct 68

Loop no. 3 (Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, 1 4208 Lot 465

Caeister: DoD type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 0OZ gpm from 0 min to 20 psi, then
0.2 gpmn to end of test.

Solids injection schedule: 5. 72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/rnin to
end of test.

Test fuel JP-5 batch no. 23 , fresh
Date blended with additives: 18 Oct 68
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 20 lb/Mbbl, Du Pont RP-2 , Lot 333

Test duration, min 61 Calculated dirt loading, g 269
Fuel throughput, gal 1232 Actual element weight gain, g 259
Average rate, gpm 20.2

Time 0 min End Test
Meter reading, gal 299 1531
Screen AP, psi 2 2
Cleanup AP, psi 0 0

Analyses on izfluent fuel:
Time Pre-Test

WSIM, distilled water 41
IFT, distilled water, dyn/cm 27.4

Analyses on injection water:
Time Post-Test

Solids, mg/liter 0.2

pH 7.4

ST, dyn/cm 72.1
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TABLE 103. SINGLE-ELEMENT LOOP TEST NO. 246 (Cont~cd1

*Time, AP, Totamnitor Effluent, mg/1iter Influenit M'el
min p ti InfI Eftl Solids Free water temperature. F

0 1.8 0 0 80
5 ?. 0 0 0 0.2Z6 -380

10 2.0 0 0 80
15 2.0 0 0 80
20 2.3 0 0 80
25 2.7 0 0 30
30 3.5 0 0 80
35 5.0 0 0 80
40 8.5 0 0 80
45 16.1 0 0 80
47 20.0 0 0 0.2Z8 7-8 80
52 31.3 0 1 0.15 18-19 80
57 35.2 0 1 16-17 80
61 40.0 0 0 0.06 17-18 80

Schedule: Minutes Water, Urn Solids, sgImin

0-47 0.002 5.72
47-61 0.2 -

100

10!

0 '40 40 60 80 100 120

Test time, minutes
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TABLE 104. SINGLE-ELEMENT LOOP TEST NO. 247 Date: 21 Oct 68

Loop no. 3(A1/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 465

Canister: DoD type I

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, OF 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 pol, t'ir
discontinue 15 min, then 5.72 g//min to
end of test.

Test fuel JP-5 batch no. 23 , fresh, clay treated
Date blended with additives: 21 Oct 68

Anti-icing additive 0.15 vol %, Dow, Lot 0226816

Corrosion inhibitor 20 lb/Mbbl, Du Pont RP-2 , Lot 333

Test duration, min 49 Calculated dirt loading, g 194

Fuel throughput, gal 978 Actual element weight gain, g 193

Average rate, gpin 20.0

Time 0 min End Test

Meter reading, gal 305 1283

Screen AP, psi 2 2

Cleanup &P, psi 0 0

Analyses on influent fuel:
Time Pre-Test
WSIM, distilled water 57

IFT, distilled water, dyn/cm 26.9

Analyses on injection water:
Time Post-Test

Solids, mg/liter 0,2

pH 7.6

ST, dyn/cm 72.0
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TABLE 104. SINGLE-ELEMENT LOOP TEST NO. 247 (Cont'd)

Time, AP, Totamitor Effluent, mg/liter Influent fuel
mmi L inf EfU) Solids Free water temperature, F

0 1.7 0 0 80
5 2.0 0 0 0.19 1-2 80

10 2.0 0 0 80i.15 2.4 0 0 s0
20 3.0 0 0 8
25 4.9 0 0 80
30 11. 5 0 0 80
33 20.0 0 0 0.12 4-5 80
38 30.0 0 0 0.06 11-32 80
43 32.5 0 0 12-13 80
48 34.4 0 0 18-19 80
49 40.0 0 0 0.08 18-19 80

Sch~edule: Minutes Water, gern Solids, glmira

0-33 0.002 5.72
33-48 0.2 -

48-49 0. 2 5. 72

tot

0 20 40 60 80 100 120

Test timle, iinutes
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TABLE 105. SINGLE-ELEMENT LOOP TEST NO. 248 Date: 14 Nov 68

Loop no. Y.Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, 1 4208 LoL 465

Canister: DoD type 1

Proce'-re no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/nin from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch no. 23 , fresh, clay treated
Date blended with additives: 14 Nov 68
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 20 lb/Mbbl, Tolad 244 , Lot 47-12

Test duration, min 26 Calculated dirt loading, g 137
Fuel throughput, gal 522 Actual element weight gain, g 126
Average rate, gpm 20.9

Time 0 min End Test
Meter reading, gal 309 831
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 100 32 37

IFT, distilled water, dyn/cm 45.1 27.9 27.5

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0. 10

pH 7.4

ST, dyn/cm 72.2
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TABLE 105. SINGLE-ELEMENT LOOP TEST NO. 248 (Cant'd)

Time, ap, Totamitor Effluent. MEL~it-er Influent fuel
mini 211 Inni Effi Solids Free water tomperature, F

0 2.5 0 0 80
5 2.5 0 0 0.04 1-2 g0

15 3. 3 0 0 an)
20 10.C G 81

4.23 70.0 c 0 0.16 1-2 81
25 40.0 0 0 0.16 19-20 81

Schiedule: Minutes Water, gpmr Solids, S/min

0-23 0.002 5.72
23-25 0.2 -

0 3 0 40 60 80 100 1I0

Test tijflf, minute~s
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TABLE 106. SINGLE-ELEMENT LOOP TEST NO. 249 Date: 18 Nov 68

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot A65

Canister: Dod type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Coarse AC Dust Fiel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpm to end of test.

Soido injection schedule: 5.72 g/min form 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch no. 23 , reused, clay treated
Date blended with additives: 18 Nov 68
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhi'Ator 20 lb/Mbbl, Tolad 244 , Lot 47-12

Test duration, min 28 Calculated dirt loading, g 132
Fuel throughput, gat 568 Actual e'ement weight gain, g 126
Average riate, gpm 20.3

Time 0 min End-Test
Meter reading, gal 309 877
Screen AP, psi 2 2
Cleanup AP, psi I I

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 97 41 32

IFT, distilled water, dyn/crn 44.0 28.8 28. 0

Analyses on injection water:
Time Post-Test

Solids, mg/liter 0.30

pH 7,6

ST1, dyn/cm 71.8

170



TABLE 106. SINGLE-ELEMENT LOOP TEST NO. 249 (Cont'd)

Time, aP, Totamitor Effluent, mg/liter Influent fuel
min ti_ Infl Effi Solids Free water temggrature.*F

0 3.2 0 0, 80
5 3.7 0 1 0.15 3-4 80

10 4.1 0 1 80
15 4.9 0 1 80
20 10.2 0 1 0.280

23 2.0 0 1 0.2 2080
24 25.2 0 4 80
25 29.6 , 6 8
26 33.2 0 5 80
28 40.0 0 12 0.30 2.0+
29 45.0 0 23 so

Schedule: Minute. WaeL Solid., &/min

0-23 0. 002 5.72
23-28 0.2

100

-tu- 4

II I, T I
T-

~ 114

0 20 40 60 80 100 120

Test time, minute3
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TABLE 107 . SINGLE-ELEMENT LOOP TEST NO. 2Z0 Date: 20 Nov 68

Loop no. 3(AI/SS) Housing: 8" TD Aluminum
Element: Filters Inc, I 4208 Lot 465
Canister" DoD type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Wrter Fuel iiJdet temperattire, F 80
Solids: Coarse AC Dust Fuel inlet pressure, p-i 70

Water injection schedule: 0. 002 gprr. from 0 mnn to 20 psi, then
0.2 to end of test.

Solids injection schedule: 5. 72 g /rin from 0 min to 20 psi, then
discontinue 15 min, then 5. 72 g/rmin to
end of test.

Test fuel JP-5 batch no. 23 , reusej, clay treated
Date blended with a'4ditives: 20 Nov 68
Anti-icing additive C 15 vol %, Dow, Lot 0226816
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duraton, amin 25 Calculated dirt loading, g 137

Fuel throughput, gal 506 Actual elerrent weight gain, g 118
Average rate, gpzm 2C.0

Time 0 :Iiin End Test

Meter reading, gal 317 823

Screen AP, psi 4 4

Cleanup A'.P, pJi 0 1

Analyses on influent fuel:
Time Poet Clay Filter Pre-Test Post-Test

WSMA-, distUild ýr 97 58 60

IFT, distilled water, .-xnlcm 44,. 2 28.9 29.3

Analyses on injec:tion water:Time Post-Test

Solids, mg/liter 0.0
pH
ST, dyn/cm 73.3
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TABLE 1. 07. SINGLE-ELEMENT LOOP TEST NO. 250 (Cont'd)

Time, AP, _________r Effluent, Mal-liter Influent fuel
m~inL. Doi 41i Effi Solids Free water temiteratuwe.'I

0 2.4 C, 0 8
5 2.4 0 2 0.50 -1-2a 80

10 z. 6 0 2 80
15 3.4 0 2 80
20 8.3 0 1 80
23 20 0 14 0.-63 8080
25 40 0 0.64 20-4++ 80
27 50 .0 - 80

a. Air bubbles were present in the sample, The water was iinely dispersed
on the AEL pad.

Schedule: Minutes ?Watc~r, gpm Solids, &/min

0-23 0.002 5.72
23-25 0.2 -

100

10

0 20 40 60 80 100 120

TeF' timne, minutes

!73



TABLE 1,8. SINGLE-ELEMENT LOOP TEST NO. 251 Date: 21 Nov 68

Loop no. _ 3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 465

"Canister: DoD type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered-Tap Water Fuel inlet temperature, "F 80

Solids: Coa-se AC Dust Fuel inlet pressure, psi 70

-Water injection schedule: 0. 00' gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Sclids injection schedule: 5. 72 g/rmin from 0 min to 20 psi, then
- discontinue 15 min, -then 5.72 g/min to

end of test.

Test fuel JP-5 batch no. 23 , reused, clay treated
Date blended with additives: 21 Nov 68
Ant:-icing additive -0.15 vol %, Dow, Lot 022816

Corrosion inhibitor 20 lbiMbbl, Lubrizol 541 , Lot 24794

Test duration, min 33 Calculated dirt loading, g 183

Fuel throughput, gai 660 Actual element weight gain, g 173

Average rate, gpm 20.0

Time 0 min End Test

Meter r-ading, gal 300 960

Screen AP, psi 4 4

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test

WSIM, distilled water 98 47 58

IFT, distilled water, dyn/cm 39.8 28.3 27.6

Analyses on injection watel:
rime Po qt-Test
Solids, mg/liter 0, 0
pH
ST, dyn/cm 72.9
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TABLE 108. SINGLE-ELEMENT LOOP TESTINO. 25i (Cont'd)

Time, AP. Totamitor Effluenit, M, /liter Influent fuel
mini pLi Inni 'Ef Solids Free water temperature. F

0 2.4 0 0 80
5 2.5 0 3 0.78 2-3 80

10 z. 6 0 2 80
15 3. 3 0 2 80
20 4.5 0 2 80
25 7.1 0 1 80
30 14.8 0 1 80
32 20.0 0 1 1. 46 13-14 80
33 40.0 0 29 0.73 Z0+++ 80
35 49.2 0 85 80
38 44.5 0 5 80

Schedule; Minutes Water, gpm Solids, g /miun
0-32 0.002 5.72

32-33 0.2 -

100-

-~ TT

0 20 40 60 80 100 120
Test time. minutes
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TABLE 109. SINGLE-ELEMENT LOOP TEST NO. 252 Date: 25 Nov 68

Loop no. 3(AU/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 465
Canister: DoD type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, * F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 1 5 min, then 5. '72 g/min to

end of test.

Test fuel JP-5 batch no. 23 , reused, clay treated
Date blended with additives:
Anti-icing additive 0.15 vol %, Dow, Lot 0226816

Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 35 Calculated dirt loading, g 183

Fuel throughput, gal 690 Actual element weight gain, g 182

Average rate, gpm 20.3

Time 0 min End Test

Meter reading, gal 300 990

Screen AP, psi 4 4

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test

WSIM, distilled water 98 51 61

IFT, distilled water, dyn/cm 41.8 30.4 30.6

Analyses on injection water:
Time Post-Test

Solids, mg/liter 2.4

pH 7.7

ST, dyn/cm 73.7
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TABLE 109. SINGLE-ELEMENT LOOP TEST NO. 252 (Cont'd)

Time. AP, Totamnitor Effluent, Mg/liter Influent fuel
!i Iufl, Effi Solideý Free water tem~eratule.F

0 1.9 fl 0 80
5 2.0 0 2a 0.53 2-3 80

10 2.1 0 2 80
15 2.5 0 2 80
20 3.4 0 2 80
25 5.6 0 2 80
30 13.7 0 2 80
32 20.0 0 2 1.41 10-11 80
34 40.0 0 56 1.68 20... 80
35 45.5 0 100+ 80

a. The AP read 2 frcm 5 min to 20 psi. The initial time of the peak started
at 20 psi + I min and 30 sec or 40 psi. At 20 psi + 3 min a peak of 100,-
was reached.

Schedule: Minutes Water, ppm Solids, g/mmn

0-32ý 0. 002 5. 72
32-35 0.2 -

100

101

r T

0 20 40 60 80 100 12C

Test time, minutes

'77



TABLE 110. SINGLE-ELEMENT LOOP TEST NO. 253 Date: 26 Nov 68

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Filteis Inc, I 4208 Lot 465

Canister: DoD type 1

Procedure no. 13-A Fuel flow, gyirn 20
Water: Filtered Tap Water Fuel inlet temperature, F 80
,Q-lids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gprn to end of test.

Scids injection schedule: 5.72 g/rnin from 0 min to 20 psi, then
discontinue 1 5 min, then 5. 73 g/min to
end of test.

Test fuel JP-5 batch no. 23 , reused, clay treated
Date blended with additives: 26 Nov 68
Anti-icing additive 0.15 vol 'Y, Dow, Lot 0226816
Corrosion inhibitor 20 ib/Mbbl, Unicor-M , Lot 0020

Test duration, min Z7 Calculated dirt loading, g 143
Fuel throughput, gal 541 Actual element weight gain, g 50
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 300 841
Screen AP, psi 4 4
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time F..t Clay Filter Pre-Test Post-Test
WSIM, distilled water 95 33 34
IFT, distilled water, dyn/cm 39.8 26.8 26.3

,Lir.a',Ises on injec'on water:
Time Post-Test
Solids, mg/iiter 0.2

pH 7.3
ST, dyn/cm (07.6
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TABLE 110. SINGLE-ELEMENT LOOP TEST NO. 253 (Cont'd)

Tme, AP, Totamitor Effluent, ma/liter Influent fuel
min psI Infl Efil solids Free water temgerature.*F

15 3.1 0 0 80

20 5.7 0 0 80

Z5 20.0 0 0 0.11 2-3 80
V7 40.0 0 ia 0.14 8-9 80
28 44.0 0 1 80
29 41.5 0 0 80
31 38. 5 0 1 80

a. The initial time of the peak started at 20 psi + 30 sec. The peak value
occurred at 20 psi + Z min and 10 sec.

Schedule: Minutes W ater, m Soids, Ig/min

0-25 0.002 5.72
25-27 0.2 -

II

-Ta -it~, t I nutf



TABLE 111 . SINGLE-ELEMENT LOOP TEST NO. 254 Date: V7 Nov 68

Loop no. 3(A1/SS) Housing: 8" ID Aluminumr
Element: Filters Inc, 1 4208 Lot 465
CAnister: DoD type 1

Procedure no. 13-A Fuel flow, gpin 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Scids injection schedule: 5. 72 g//min from 0 min to 20 psi, then

discontinue 15 min, then 5.72 g//min to
end of test.

Test fuel JP-5 batch no. 23 , reused, clay treated
Date blended with additives: 27 Nov 68
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 20 lb/Mbbl, Unicor-M , Lot 0020

Test duration, min 58 Calculated dirt loading, g 246
Fuel throughput, gal 11 57 Actual element weight gain, g 250
Average rate, gpm 19.9

Time 0 min End Test
Meter reading, gal 300 1457
Screen AP, psi 4 4
Cleanup AP, psi 0 1

AnalyLes on influent fuel:
Time Post Clay Filter Pre-Test Post-Test

WSIM, distilled water 97 35 32

IFT, distilled water, dyn/cm 38.0 21.1 27.3

Analyses on injection water:
Time Post-Test
Solids, mg!liter 0.4

pH 7.1
ST, dyn/cm 71.1

too



TAB! -E 111. S[NGLE-ELEMENT LOOP TEST NO. 2 54 (Cont'd)

Time, &~P, Totarmitor Effluent, m&uL~it1er Influent fuel
.nin psi Infl EffI Solids Free water, teMqeraUW1'!

0 2.1 0 0 ý
6 5 2.3 0 3 0.06 0-1 80

10 2.4 0 0 80
15 2.6 0 0 80
20 3.2 0 0 80
25 5.2 0 0 80
30 7.5 0 0 80
35 10.8 0 0 80
4( 16.0 0 0 80

4220.0 0 0 0.23 6-7 so
47 32.5 0 59 a 0.44 20+... 80
52 34.2 0 72 20+... 80
57 36.2 C 73 20 ... 80
58 40.0 0 68 0.43 20+... 80
59 45.5 0 68 80
61 35.0 0 68 80

a. TIhe initial time of the peak started at 20 psi + 1 5 sec and a peak of
85was reached at 20 psi + 15 min.

Schedule: Minutes Wate, gm Soid, /min

0-4Z !). 0021 5. 7ý
42-58 0.2

100

!III H W it
0 20 40 60 so 100 120

Tect time, mintites



TABLE 112. SINGLE-ELEMENT LOOP TEST NO. 255 Date: 2 Dec 68

Loop no. 3(AI/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 465

Canister: DoD type I

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet tempe-ature, °F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gprn from 0 min to 20 psi, then
0. 2 gpm to end of test.

Sclids injection schedule: 5. 72 g/min from 0 min to 20 psi, then

discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch no. 23 , reused, clay treated
Date blended with additives: 2 Dcc 68
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 20 lb/Mbbl, Unicor M ,Lot 002G

Test duration, min 27 Calculated dirt loading, g 132
Fuel throughput, gal 541 Actual element weight gain, g 129
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gaA 300 841
Screen AP, psi 4 4
Cleanup AP, psi I I

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 97 36 41

IFT, distilled water, dyn/cm 39.6 23.2 --

Analyses on injection water:
Time Post- rest

Solids, mg/liter 0.0
,,•! 7. 6

ST, dvn/itm 71.



TABLE 112. SINGLE-ELEMENT LOOP TEST NO. 255 (Cont'd)

Time, AP, Totarnitor Effluentrag/liter Influent fuel
m.rin El Infl Effl Solids Free water temperature..F

0 2.1 0 0 80
5 2.2 0 0 0.03 0-1 80

10 2.3 0 0 80
15 3.7 0 0 80
z0 12.0 0 0 80
23 20.0 0 0a 0.07 1-2 80
27 40.0 0 2 0.04 16-17 80
28 42.5 80
29 39.2 80
31 36.6 80

a. The initial ýinie of tne peak started at 20 psi + 40 sec. The peak was
reached at 20 psi + 4 min and 10 sec.

Schedule: Minutes Water, gpm Solids, g/min

0-23 0. 002 5.72
Z3-27 0.2

jI .. . ~L

8-8

0 7.: 40 60 80 100 120

I 9.3



TABLE 113. SINGLE-ELEMENT LOOP TEST NO. Z5') Date: 6 Dec 68

Loop no. 3(Al/SS) Housing: 8" ID Aluminum

Element: Filters Inc, I 4208 Lot 465

Canister: DoD type I

Procedure no. 8901-B (inhib fuel test) Fuel flow, gpm 40

Water: Filtered Tap Water Fuel inlet temperature, 'IF 80

Solids: Coarse AC Dust Fuel inlet pressure. psi 100

W.atei injection s'hedule: 0, 4 gprn water from 0 min to end of test.

Solids injection schedule: 0 g/min coarse AC Dust from 0 to 60 min,

then 2. 86 gimin to end of test.

Test fuel JP-5 batch no. 23 , fresh, clay treated

Date blended with additives:
Anti-icing additive 0.15 vol le, Dow, Lot 022681-6

Corrosion. inhibitor 16 lb/Mbbl, Santolene C , Lot NH 4-006

Test duration, min 96 Calculated dirt loading, g 103

Fuel throughF':t, gal 3839 Actual element weight gain, g 112

Average rate, gpm 40.0

Time 0 mnin End Test

Meter reading, gal 0 38.39

Screen AP, psi 8 8

Cleanup AP, psi I 1

Analyses on influent fuel:
Time Post Clay Filter 0 Min Post-Test

WSIM, distilled water 100 87 96

IFT, distilled water, dyn/cm 41.Z 36.1 38.7
33.9

Analyses on injection water:
Time Post-Test

Solids, mg/liter. Neg

pH 7.4

ST, dyn/cm 71.5
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TABLE 113. SINGLE-ELEMENT LOOP TEST NO. Z56 (Cont'd)

Time, A, Totamitor Effluent, mS/liter Influent fu,!l
min 1 Ingi Effi Solidb Free water temperature,*

Peak 25 at 63 min

0 0 0 0 80
5 8.5 0 4 0.10 Z-3 80

10 9.4 0 4 0.04 4-5 80
15 9.8 0 4 80
20 10. 5 0 4 Neg 3-4 80
25 10.9 0 4 86
30 11.6 0 5 Neg 8-9 80

35 12.4 0 7 80
40 J2.9 0 10 0 11 17-18 80
45 13.3 0 11 80

50 13.9 0 15 0.10 20+ 80

5514.3 0 16 80
60 15.0 0 23 0.14 20+ 86

65 13.8 0 7 8')
70 14.5 0 6 Neg 11-12 80
75 15.3 0 5 80
80 17. 5 0 5 Neg 12-13 8C
85 20.6 0 8 80
90 27. 5 0 8 Neg 16-17 s0
95 37. 5 0 14 80
96 40.0 0 15 Neg 20+ 80

Schedule: Minutes WaterI pm Solids, j/min

0-60 .4 -

60-96 .4 2. 86

1 --

ILI

0 2 0 40 60 80 100 120

Test time. minutes
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TABLE 114. SINGLE-ELEMENT LOOP TEST NO. 257 Date: 19 Dec 68

Loop no. 3(Al/SS) Housing. 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 465
Canister: DoD type I

Procedure no. 8901-B (inhib fuel test) Fuel flow, gpm 30
Water. Filtered Tap Water Fuel inlet temperatute OF 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 100

Water injection schedule: 0. 3 gpm water from 0 mirn to end of test.

Solids injection schedule. 0 g/min coarse AC Dust from 0 to 60 min, then
2. 86 g/min to end of test.

Teat fuel JP-5 batch no. 23 fresh, clay treated
Date blended with additives:
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C , Lot NH 04. 006

Test duration, min 134 Calculateul dirt loading, g 212
Fuel throughpit, gal 4005 Actual element weight gain, g 2i6
Average rate, gpm 29.9

Time 0 min End Test
Meter reading, gal 0 4005
Screen AP, psi 4 4
Cleanup AP, psi 0 1

Analyses on influent fuel:
Time Post Clay Filter 0 Min Post-Test
WSIM, distilled water 99 77 97
IFT, distilled water, dyn/cm 45.8 40.9 44.3
IFT, injection H20, dyn/cm 42. 8 22.8 28.2

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0
pH 7.6
ST, dyn/cm 70.0
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TABLE 114. SINGLE-E~LEMENT LOOP TEST NO. 257 (Corit'd)

Time, A"'), Totamnitor Effluent, Mg/liter Influent fuel
min PaL Infi Effi 3olids Free water Li-mp~erot.91.12F

0 5.2z 0 0 8 C.
5 5.6 0 2 0.06 0-1 3

10 6.5 0 4 0 c-1 80
15 6.6 0 4 81
20 7.1 0 4 0 0-1 80
25 0 4 80
30 7.9 0 2 Neg 0-1 80
35 8.2 0 2 80
40 8.5 0 2 0.11 0.1 80
4% 8.7 0 2 Z-3 80
50 8.9 0 2 0.03 0-1 s0
55 910 0 2 30
60 9.51 0 2 0.04 0-1 80
65 8.5 0 1 80
70 9.5 0 1 0.11 0-1 80
75 9.6 0 1 s0
80 10.5 0 1 0.01 0-1 80

85 11.0 0 1 80
90 12.0 0 4 Neg 12-13 80
95 13.0 0 1 1-2 80

100 14.3 0 1 Neg 0-1 80
105 15.4 0 2 80
110 17.4 0 2 0.03 0-1 80
115 1-9.2 0 2 81
117 20. 0 0 2 81
120 21. 8 0 2 1-2 81
US5 24.8 0 2-.3 81
130 28.8 0 3 0.04 1_2 81
134 40.0 0 9 0 8 -1 81

Schedule: Minutes Wae, p Solids, &/min

0-60 0. 3
60-134 0. 3 2.86

I I :

t  ~ +L -iiLJ L tI J
0 20 40 60 8 100 0



TABLE 115. SINGLE-ELEkIE.:FNT LOOP TEST NO. 258A Date: 26 Dec 68

Loop no. 3(Al/SS) Housing: 8" ID Aluminum

Flement: Filters Inc, I 4208 Lot 465
Canister: DoD type I

Procedu,ýe no. 8901 B (media migr-ation) Fuel flow, gpm 6 to 34. 5

Water: ---- Fuel inlet temperature, *F 80

Solids: ---- Fuel inlet pressure, psi 10 to 70

Water injection schedule: No water injected.

Sc~ids injection schedule: No solids injected.

Teot fuel JP-5 batch no. 23 , fresh
Date blended with additives: ----

Anti-icing additive .-.. vol %, Dow, Lo -.---

Corrosion inhibitor ---- lb/Mbbl, , Lot ----

Test duration, min 60 Calculated dirt loading, g ....

Fuel throughput, gal IZ59 Actual element weight gain, g .....

Average rate, gpm 21.0

Time 0 min End Test

Meter reading, gal 0 1259

Screen 6P. psi 1 3

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time 0 min

WSIM, distilled water 75

IFT, distilled water, dyn/cm 4Z. 8

Analyses on injection water: Post-Test

Time 0.06

Solids, mg/liter
pH
ST, dyn/cm ----

ISi
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TABLE 115. SINGLE-ELEMENT LOOP TEST NO. 258A (Cont'd)

Time, Al', Totamitor Effluent, mg/liter Influent, fuel
mWi p___ Inil EffI Solids Free water temperature.*F

0 3 0 0 0 s0
5 3. 5 0 0 0.05 0 80

10 3 0 0 Neg 0 80
15 3 0 0 0 80
20 3 0 0 0.02 0 80
25 2.5 0 0 so
30 Z. 5 0 0 Neg 0 80
35 1 0 680
40 1 0 0 0.10 0 80
45 0.6 0 0 s0
50 0.8 0 0 Neg 0 82
55 4 0 0 80
60 4 0 0 0.06 0 80

Schedule: Minutes Wa ter, gpm Solids, I/min

0-60 ---

40608010.2

T.s t.e mi.ute...
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TABLE 116. SINGLE-ELEMENT LOOP TEST NO. 258B Date: 26 Dec 68

Locp no. 3(Al/SS) Housing: 8" ID Alurminum

Element- Filters Inc, I 4208 Lot 465
Canister' DoD type I

Proc'•dure r.oo 8901B (Dry Red Iron Oxide) Fuel flow, gpm 30
Water: ---- Fuel inlet temperature, OIF 80

Solids: Red Iron Oxide Fuel inlet pressure, psi 100

Water injection schedule: No water injected.

Solids injection schedule: Z. 86 g/rnin from 0 min to end of test.

Test fuel JP-5 batch no. 23 , fresh
Date blended with additives: 26 Dec 68

Anti-icing additive ---- vol %, Dow, Lot -.-.-

Corrosion inhibitor ---- lb/Mbbl, , Lot

Test duration, min 115 Calculated dirt loading, g 329

Fuel throughput, gal 3424 Actual element weight gain, g 298

Average rate, gprn Z9. 9

Time 0 min End Test

Meter reading, gal 0 3424

Screen AP, psi 8 8

Cleanup AP, psi 2 1 [
Analyses on influent fuel:

Time
WSIM, distilled water
IFT, distilled water, dyn, cm

Analyses on injection water:
Time Post- Test

Solids, mg/liter 6.86
pH
ST, dyn/cm
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TABLE 116. SINGL', -ELEMENT LOOP TEST NO. 258B (Cont'd)

Time, AP, Totasnitor Effluent, rnE/litar Influent faie1

min_ Potfi Eff`1 Solids Fr .'e waiter tern peralgre.'F

0 3 0 0 80
5 3 0 35 0.88 0 3

10 4 2 43 0.87 0 80
20 4 2 20 0.74 0 80
25 4 z 23 0.20 80
30 4.5 3 25 0.84 0 80
40 4 2 17 0.49 0 80
50 5. 5 2 27 3.40 0 80
60 6. 5 2 28 1.00 0 80
70 7.5 2 35 1.45 0 811
80 8.5 2 40 1.67 0 8!
90 10 2 S3 Z. 52 0 81

looC I11 2 56 3.06 C 81
110 12 22.38 0 81
115 18 5 88 6.86 0 8

Schedule: Minute s Water, apm Solids. ji/min

0-115 -- 2.86

10010
Tes .ue .i.nutes....

IFIE



TABLE 117. SINGLE-ELEMENT LOOP TEST' NO. Z59A Date: 9 Jan 69

Loop no. 3(AI/5S Housing: 8" ID Aluminum
Element: Fil -rs .- , I 4208 Lot 516
Canister: DoD ty. 1I

Procedure no. 8901-B (median migrationl Fuel flow, gpm 6-34.5
Water: None Fucl inlet temperature, F 80

Solids: None !uel inlet pressure, psi 7-78

Water injecti n schedule: No water injected.

Solids injection schedule: No solids injected.

Test fuel JP-5 batch no. 24 , fresh, clay treated

Date blended with additives:
Anti-icing additive vol 81, Dow, Lot
Corrosion inhibitor lb/Mbbl, ,Lot

Test duration, min 60 Calculated dirt loading, g

Fuel throughput, gal 1218 Actual element weight gain, g

Average rate, gpm 20.3

Time 0 min End Test

Meter reading, gal 0 IZ18

Screen AP, psi Z8 Z

Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Post Clay Filter C-i Min

WSIM, distilled water 100 96

IFT, distilled water, dyn/cm 45.8 46. 2

Analyses on injection water:
'rime
Solids, mg/li~er
pH
IT, dyn/crn
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TABLE I' 7 ST GLE-ELEMENT LOOP TEST "'-O. 259A (Cont'dI

Time, AP, Totarjitor Effluent, r-ig/liter h'.fluf at fuel
min. Infl Eff[I Solids Free water t'- era• re *"F

0 5. 0 0 80
5 .0 0 ,1 0.31 0 81

10 0 0 0 0. Oz 0 81
15 3.5 0 0 80
20 3.5 0 0 0.18 80
25 2.5 0 0 80
30 2. S 0 0 0. 02 80
35 1. 5 0 0 81
40 1.5 0 0 0.0t, 81
45 1.5 0 0 80
50 1 O3. Oz 80
55 5.0 0 2 80
60 6.0 0 0 0.07 80

Fuel

Schedule: Minutes flow a Soldsmin

0-10 30
10-20 24
20-30 18
30-40 12
40-50 6
50-60 34. 5

1 ": ' V4 r r ! t.- -

r i t t 'r i i '

T 'T

C .. I i . . . = , , . . .

I 4ILI tw .

0 20 4 0 so I100'

I1 x-Ut ttine,~ fli I tI U



TABLE 118. SINGLE-ELEMENT LOOP TEST NO. 259B Date: 9 Jan 69

Loop nio. 3(Al/SS) Hou sing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 5l6a
Canister: DoD type 1

Procedure no. 8901 -B (Dry Iron Oxide) Fuel flow, gpm 30
Water: None Fuel inlet temperature, 0* F 80
Solids: Red Iron Oxide Fuel inlet pressure, psi 70 & 100

Water injection schedule: No water injected.

Solids injection schedule: 2. 86 g/min of Red Iron Oxide from 0 min
to end of test.

Test fuel JP- 5 batch no. 24 , f resh, clay treateQ-
Date blended with additives:

[Anti-icing additive vol 16, Dow, Lot
Corrosion inhibitor lb/Mbbl, ,Lot

Test duration, min 106 Cztlculated dirt loading, g 297
Fuel throughput, gal 3118 Actual elem-snt weight gain, g 275
Average rate, gpm 29. 8

Time 0 min End Test
Meter reading; gal 1218 4336
Screen AP, psi 2 6
Cleanup AP, psi 0 0

Analyses on influent fuel:
Time
WSL'V, distilled water
IFT, distilled water, dyn/cm

Analyoeri on injection water:
Time
Solit4s, rng/liter
pH
ST, dynlcm

a. Same 'element used in Teat Z59A.
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TABLE 118. SINGLE -ELEMENT LOOP TEST NO. 259B (Cont'd)

Time, AP, Totarnitor Effluent, mg/liter Influent fuel
minn!% Intl E51i Solids Free wawr temeerature, F'

0 6 0 0 0.07 80
5 5 0 2 0.29 80

10 5 0 1 Neg 80
15 6 0 1 80
20 7 0 2 0.21 80
25 7 0 3 8
30 8 0 3 0.06 80
32 8& 0 3 80
35 9 0 2 80
40 10 0 2 0.19 80
45 11.5 0 2 80
50 13.5 0 3 0.13 80
55 16.5 0 3 80
60 20.0 0 2 0.06 80
65 23.0 0 2 80
7fl L6. 0 0 2 0.15 80
75 27.0 0 2 80
80 35.5 0 2 Neg 80
85 40.0 0 2 0.22 80
90 44.0 0 2 0.22 80

10b70.0 0 0.28 80
104 75.0 0 6 80
106 76.0 0 4 80

a. Fuel inlet pressure changed from 70 psi to 100 psi.
b. Sample -,ulli-d from 1 00'rnm to 104 min.

Minutes Water, Upm Solidals, /Mmn

0-104 2.86

1100

Teon timniintr
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TABLE 119. SINGLE-ELEMENT LOOP TEST NO. 260A Date: 14 Jan 69

Loop no. 3(AI/SS) Housing: 8" ID Aluminum

Element. Filters Inc, I 4208 Lot 516
Canister: DoD type 1

Procedure no. 8901B (Water Removal) Fuel flow, gpm 34.5 & 32.8
Water. FRltered Tap Water Fuel inlet tempezature, "F 80
Solids: None Fuel inlet pressure, psi 70

Water injection schedule: 0.17 gpm from 0 min to 60 min, th,!n
1.32 gpm from 61 miin to end of test (120 min).

Sc!ids iijection schedule: None

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives:
Anti-icing additive vol To, Dow, Lot
Corrosion inhibitor lb/Mbbl, , Lot

S Test duration, min 120 Calculated dirt loading, g
Fuel throughput, gal 4037 Actual element weight gain, g
Average rate, gpm 34. 5 for 1st hour - 32. 8 for Znd hour.

Time 0 min End Test

Meter reading, gal 0 4V37

Screen AP, psi 5 5

Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Post GCay Treated

WSIM, distilled water 99

IFT, distilled water, dynicrn 4Q.. 0

Analyses on injection water:
Time Fre-Test

Solids, :ng/liter
pH ,. 5
S', dyn/cm 69.5

1%1



TABLE 119. SINGLE-ELEMENT LOOP TEST NO. 260A (Contld)

Time, Ap, Totaniitor Effluent, mg/liter Influent fuel
milk pli Int Effl Solids Free water temperaturg,*F

5 5.0 0 0 80
10 6.0 0 0 0-1 80
15 6.0 0 0 80

206.0 0 0 0-1 80
25 6.0 0 0 80
30 6.0 0 0 1-2 80
35 6.0 0 o 8
40 6.0 0 0 0-1 80
45 6.0 0 0 80
50 6.0 0 0 0 80
55 6.0 0 0 80
60 6.0 0 0 1-Z 80
65 7.0 0 0 80
70 7.0 0 0 2-3 80
80 8.0 0 0 1-2 80
90 9.0 0 0 2-3 80

100 9.0 0 0 2-3 80
i05 9.0 0 0 80
110 9.0 0 0 4-5 80

120 9.0 0 0 3-4 80

Schedule: Minutes Watter. am Solids, g/min

0-60 0.17
61-120 1.32

100

0'T.

0 2 4060 8 ~ 100 120

Test time. minutes
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TABLE 120. SINGLE-ELEMENT LOOP TEST NO. 260B
Date: 14 January 1969

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, 1 4208 Lot 5 16 a
Canister: DoD Type I

Procedure no. 3901-B(RIO and water) Fuel flow, gpm 30
Water:Filtered Tap Water Fuel inlew, temperature, *F 80
Solids:Red Iron Oxide Fuel inlet pressure, psi 70

Water injection schedule: 0.9 gpm from 0 min to end of test.

Solids injection schedule: 2.86 g/min Red Iron Oxide from 0 min to
end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives:
Anti-icing additive vol Jo, Dow, Lot
Corrosion inhibitor lb/Mbbl, , Lot

Test duration, min 93 Calculated dirt loading, g 266
Fuel throughput, gal 2775 Actual element weight gain, g 199
Average rate, gpm 29.8

Time 0 Min End Test
Meter reading, gal 0 2775
Screen AP, psi 5 6
Cleanup AP, psi 0 0

Analyses on influent fuel:
Time
WSIM, distilled water
IFT, distilled water, dyn/cm

Analyses on injection water:
Time Post Test
Solids, mg/liter
pH 7.7
ST, dyn/cm 72.7

a. Same element used in Test 260-A.
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TABLE 120. SINGLE-ELEMENT LOOP TEST NO. 260B (Cont'd)

Time, AP, Totamitor Effluent, Mgaliter Influent fuel
min psi Infl Effi Solids Free water temperature.°F

* 0 9.0 0 0 80
5 9.0 1 0 0 1-2 80

10 10.0 0 0 0.08 1-2 80
20 11.0 0 0 0.18 1-2 80

12.0 0 0 0.09 0-1 80
0o 14.o 0 0 0 o-i 80

50 16.o 0 0 0.05 0-1 80
60 18.5 0 0 0.58 0-1 80
70 25.0 0 1 Neg 2-3 80
80 32.0 0 1 Neg 2-3 80
8 5 a 35.0 o 1 80
92 0.0 0 1 Neg 2-3 80
98 35.0 80

a. At 85 min, sump water began showing signs of collecting RIO
at a fast rate. Analysis of the sump water indicated 38.23 mg/liter
of RIO present.

Schedule: Minutes, Watergpm Solids, glum

0-92 0.9 2.86

100

TIT
I+

I

0 ]0 40 6 so 100 1l0
Test time, mlauteFp

'99



TABLE 121. SINGLE-ELEMENT LOOP TEST NO. 261

Date: 11 February 1969

Loop no. 3 (A2./SS) Housing: 8" I D Aluminum
Element: Fram Lot 14,DoD type
Canister: Du0 Type 1

Procedure no. 13-A Foel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80

Soli4s: Coarse AC Dust Fue inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/mip to end of tegt.

Test fuel JP..5 batch no. 24 , fresh, clay treated
Date blended with additives: 11 Feb 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C , Lot rw0o4-006

Test dnration, min 55 Calculated dirt loading, g 229
Fuel throughput, gal '.105 Actual element weight gain, g 185
Average rate, Spm 20.1

Time 0 Min End Teet
Meter reading, gal 300 1405
Screen AP, psi 2 2
Cleanup AP, pai 0 0

Analyses on influent fuel:

Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 8 76 69
IFT, distilled water, dyn/cm 7.7 33.3 42.4

Anal-rges on injection water:

Time Post Test
Solids, mg/liter .52
pH --

ST, dyn/cm 72.2

2W0



TABLE ]Z1. SINGLE-ELEWLENT LOOP-TEST NO. 461 (Cont'd)

Time, AP, Tntami6ýor Effluent, MRL4iter influent iuel

mini i Inf Effi Solids P'(, water tcmveratu F

0 4.9 0 0 80
5 5.3 0 0 0.14 1-2 8o

10 5.9 0 0 80
215 7.5 0 0
20 9.5 0 0 do)
25 11.9 0 0 80
30 1)4.3 0 0 80
35 16.5 0 0 80

20.0 () 0* 0.12 8-9 80
30.0 0 .1 0.10 20+ 80

4ý 32.1 0 2 20,-1+ 80
3'5.7 0 4 2-0++44S

55 o000 .14 20..i- 80

no0 34.2 0 0 80

Schedule: Minutes Water, gp Solids, S/min

03 0.00 5.72

5-55 0.2 5.72

100IT

Test. tIT.mne
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TABLE 122. SINGLE--ELEMENT LOOP TEST NO, 262
Date: 12 February 1969

,•oop 11o. 3(A/SS) Housing: 8" I D Aluminum
Element: Bendix, Part No. 045800-04
Canister: DoD Type 1

Procadure no. 13-A Fuel flow, gpm 20
Water: FilJ2ered Tap Water Fuel inlet temperature, "F 80.
Solids" Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0,2 gpm to end of test. t

Solids i.jection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with iidditives: 12 Feb 69
Anti-icing additive 0.15 vol 16, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C , Lot NH04-o06

Test duration, min 68 Calctilated dirt loading, g 303
Fuel throughput, gal 1368 Actual element weight gain, g 269
Average rate, gpm 20.1

Time 0 min End Tes t
Meter reading, gal 300 1668
Screen AP, psi 2 2

Cleanup AP, psi 0 0

Analyses on influent fuel-
Time Post Cla Filter Pre-Test Post Test
WSIM, distilled water 78 68
IFT, distilled water, dyn/cm -9.1 37.7 39.1

Analyses on injection water:
Time Post Test
Solids, mg/iite 0.
pH 8
ST, dyn/!c 70.5

* Another sample pulled cn 13 Feb 69, PH-7. 4

2
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TABLE 122. SINGLE-ELEMENT LOOP TEST NO. 262 (Cont'd)

Time, AP, Totamitor Effluent. mI/liter Intlient fE2e1
mrin- Ri_ mI EMf Solids Free wator toe=Frn ret or

0 4.1 0 0 80
5 4 0 0.02 7-8 80

15 6.o 0 0 T-8 80
20 7.1 0 0 L3025 8.3 0 0 8030 9.9 0 0 80
50 11.1 0 0 S

.139 0 0 8045 15.2 0 0 6050 18.2 0 o
52 20.0 c 0 0.06 14-15 80H 57 29.5 0 0 0.09 10-11 8062 31.2 0 0 16-17 80o
67 3.1 0 1 19-20 8068 0.0 0 1 0.05 17-18 8070 43.0 0 1 RO

Schedule: Minutes Waters SM Solido, g/nrin

0-52 0.002 5.72
52-67 0.2 ....
67-68 0.2 5.72

100 "1 . . . 'I I . . I , .. . . .' • . .. ' " . . . ." ' I • • • : : I ÷

0 zo 40 60 so100
T~us_ ttm e r -w it20

m -r m -[ i I~ l l I 10L



TABLE 1Z3. SINGLE-ELEMENT LOAOP TEST NO. Z63
Date: 13 February 1969

Loop no. 3(A1/SS) Houting: 8" I D Aluminum
Element: Bowaer, Part No. A-1389-B
Canister: DoD Type 1

Procedure no. 1-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel Wilet temperature., F 80
Solidfq: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpin to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then

discontirtue 15 min, then q.72 g/mln to end of test.

Test fuel JP-5 batch no. 24 reu%.ed, clay treated
Date blended with additives' 13 Veb 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C Lot NiIo4-006

Test duration, mxin 58 Calculated dirt loading, g 240
Fuel throughput, gal 1153 Actual element weight gain, g 226
Average rate, &pm 19.9

Time 0 Min End Test
Meter reading, gal 300 1453
Screen 6P, psi 2 2
Cleanup AP, psi 0 0

Analyses on influent fuel.
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 4.265 75
AFT, distilled water, dyn/cm 4.2 33.8 36.1

Analyses on inj•ction water:
Time Post Test
Solids, rag/liter 0,2
PH7
ST. dyn/cm

M04



TABLE 123. SINGLE-ELEMENT LOOP TEST NO. 263 (Cont'd)

Time, AP, Totamitor Effluent, ng/liter Inf.lnent fuel
min psi Infl Effl Solids Free watar temperature,'F

0 4.6 0 0 80
5 5.1 0 0 0.29 4-5 8O10 0 6 • 0 1 7.-8 80

15 730 1 11-12 B

20 8.3 0 z 80
* 25 10o1 0 2 17-18 80

30 11.4 0 2 80
35 13.4 0 1 18-1.9 80
40 20.0 0 1* 0.27 18-19 80
45 24.5 0 2 Neg 18-19 80
50 24.5 0 1 15-16 80
55 24.9 0 1 80
58 40.0 0 1 Neg 19-20 80
59 42.2 0 80
60 39.2 0 1 80
62 23.4 0 1 80

• Totarntor peaked at 7 at 20 psi 4 1 min.

Schedule: Minutes Wataeraw Solids, p1/rmin

0-40 0.002 5.72
40-55 0. Z
55-58 0.2 5.72

A l l II

Test time minutes
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TABLE 124. SINGLE-ELEMENT LOOP TEST NO. 264
Date: 14 Feb-ruary 1969

Loop no. 3(AI/SS) Housing: 8" I D Aluminum
Element: Fram Lot 14 DoD type
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, °7 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0. 2 gpmn to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fueA JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 14 Feb 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl' Santolene G , Lot NHO4-O06

Test duration, min 51 Calcul-ted dirt loading, g 206
Fuel throughput, gal 1035 Actual element weight gain, g 198
Average rate, gpm 20.3

Time 0 Min End Test
Meter reading, gal 296 1331
Screen &P, psi 2 2
Clearnup ,P, psi 1 1

Analyses oni influent fuel:
Time Poet Clay Filter Pre-Test Post Test
WSIW, distilled water 97 61 79
IFT, distilled water, dynicrn 45.8 38.2 40.5

Analyses on injection water:
Time Post Test
Solids, mg!liter 0.08
pH
ST, dyn/xI 72.3

I0



TABLE 124. SINGLE-ELEMENT LOOP TEST NO. 264 (Cont'd)

Time, AP, Totamitor Effluent. mg/iter Influent fuel
min psi Infl Effl Solids Free water temperature. F

0 4.5 o o 80
5 5.1 0 0 Neg 0-1 80

10 6.2 0 0 80
15 8.1 0 0 80

* 20 1o.4 0 0
25 1 .2 0 0
30 16 .1 0 0 80
35 20.0 0 0 0.05 6-7 80
40 27.5 0 2 80
44 30.3 0 25 0.10 20+.. 80
45 31.0 0 23 20+.. 80
50 35.0 0 62 20+++
51 40.0 0 25 0.10 20+..
55 29.5 80

Schedule: Minutes Water, gpm Solids, g/min

0-35 0.002 5.72
35-50 0.2
50-51 0.2 5.72

1 0 ..0. ...0...0012

I l l l l 1 1 ! I F I I I JlI I I II I I ! i I 1 II I I I I I 4

Test time, minutes

207
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TABLE 125. SINGLE-ELEMENT LOOR TEST NO. Zb5
Date: 17 February 1969

Loop no. 3(A1/SS) Housing: 8" I D Alum-Inum
Element: Fram Lot 14, DoD type
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
disconttnue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 17 Feb 69
Anti-icing additive 0.15 vol %, Dow, Jot 02268 16
Corrosion inh'?Aiur 16 lb/Mbbl, San tolene C , Lot •04-006

Test duration, min 53 Calculated dirt los ing, g 217
Fuel throughput, gal 1066 Actual element weight gain, g 197
Average rate, gpm 20.1

Time 0 Min End Test
Meter reading, gal 2914 1360
Screen AP, psi 2 2

Cleanup AP, psi 1

Analyses on influent fuel:
Time Post Clay Filter ?re-Test Post Test
""SIM, distilled water 95 76 74
IFT, distilled water, dyn/cm 5.8 38.2 40.3

Analyses on injection water:
Time Post Test
Solids, mg/liter 0.2
pH 7.5
ST, dyn/cm 72.4

206



TABLE 125. SINGLE -ELEMENT LOOP TEST NO. 265 (Con~t'd)

Time, A Totamitor Effluent, mg/liter Influent fuel
minRj Infl Effl Solids Free wate"r temuerature, F

0 14.7 0 0 80
5 5.6 0 0 0.07 0-1 80

10 6.7 0 0 80
15 8.9 0 0 80
25 13.1 0 0 80
20 11.1 0 0 80
30 15.8 0 0 80

S5 20.0 0 0 0.10 14-5 8C)
0 25.8 0 4 0.17 20+ 80

45 28.4 0 4 20+ 80
50 29.0 0 5 20+.. 80

R5~ 40.0 0 4 0.06 20-H-+ 80
42.0 0 4 80

55 31.5

Schedule: Minutes Water, ppm Solids, it/min

0-35 0.002 5.72
35-50 0.2 --

50-53 0.2 5.72

to . . .

0 804080d 100 1Z0
Test time, minutes

V9Q



TABLE 126. SINGLE-ELEMENT LOOP TEST NO. 266
Date: 18 February 1969

Loop no. 3(AI/SS) Housing: 8" I D Aluminum
Element: Bendix, Part No. 045800-04
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi., then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 18 Feb 69
Anti-icing additive 0.15 vol 16, Dpw, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C ,Lot n-04-006

Test duration, min 51 Calculated dirt loading, g 212
Fuel throughput, gal 1012 Actual element weight gain, g 219

Average rate, gpm 19.8

Time 0 Min End Test
Meter reading, gal 300 1312
Screen AP, psi 2 2

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 93 56 68
!FT, distilled waLer, dyn/cm 45.8 37.3 40.5

Analyses on injection water:
Time Post Test
S"1 ids, mg/liter 0.1
pH
ST, dyn/cm 72.0

210



TABLE 126. SINGLE-ELEMENT LOOP TEST NO. 266 (Crnt'd)

Timne, AP, Totamnitor Effluent, amA/liter Influent fuel
ini vai Infi. Effl. Solids Free water tem~erature, F

0 4. 0 0 1-2 80
5 5.4 0 0 0.12 80

10 5.9 0 0 80
15 6.7 0 0 80
20 8.0 0 0 80
25 Jo.0. 0 0 80
30 13.0 0 0 80
35 19.0 0 0 80
ý6 20.0 0 0 0.15 5-6 80

0 29.8 0 0 0.01 7-8 80
46 31.9 0 0 9-10 80
50 37.0 0 0 20 80
51 40.0 0 0 0.34 20+.ý+ 80
5 2 a 43.60
52 25b 100+4

a. Actuial time was 51 min 30 sec.
b. Probable rupture.

Schedulrn: Minutes Water, &Lpm Solids, &/min

0-36 0.002 5.-2
36-50 0.2 --
50-51 0.2 5.72

40108 10 Z

Test tirme, m-luttes
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TABLE 127. SINGLE-ELEMENT LOOP TEST NO. 267
Date: 19 February 1969

Loop no. 3(AI/SS) Housing: 8" I D Aluminum
Elemeng: Bendix, Part No. 045800-04
Canister: DoD Type 1

Procedure no, 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue, then, 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 19 Feb 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santc.lane C , Lot NHOm4-006

Test duration, min 62 Calculated dirt loading, g 269
Fuel throughput, gal 1240 Actual element weight gain, g 189
Average rate, gpm 20.0

Tir.ie 0 Min End Test
Meter reading, gal 300 1540
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on influant fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 90 60 58
IFT, distilled water, dyn/cm 44.1 36.6 39.4

Analyses ox, injection water:
Time Post Test
Solids, mg/liter 0.4
pH 7.6
ST, dyn/cm 72.2
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TABLE 12?. SINGLE-ELEMENT LOOP TEST NO. 267 (Cont'd)

Time, AP, Totamitor Effluent, mg/liter Influent fuel
min psi Infl 'Effl Solids Free water temp~erature, F

0 4.4 0 0 80
5 5.0 0 0 0.11 2-3 80

10 5.5 0 0 80
15 6.9 0 0 80
20 840 0 80
25 10.3 0 0 80
30 1-2.0 0 0 80
35 14.2 0 0 80
40 16.8 0 0 80
45 20.0 0 0a0.07 10-11 80
50 27.9 0 0 0.05 20+ 80
55 29.2 0 0 9-L0 80
60 31.4 0 0 20~ 80
62 4o.o 0 0 0.07 20 80
64 40.9 0 0 80
65 32.1 0 0 80

a. Peak of 1 reached at 20 psi + 2 minh.
b. 700 ml AEL sample pulled.

Schedule: Minutes WNate r, gpm Solids, g/min

0-45 0.002 5.72
".5-60 0.2
60-62 0.2 5.72

TIs ftme If ifeI
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TABLE 128. SINGLE-ELEMENT LOOP TEST NO. 268
Date: 24 February 1969

Loop no. 3(AI/SS) Housing: 8" I D A).uminum
Element: Fram Lot 14,DoD type
Canister: DoD Type I

Procedure no. 13-A Fuel flow, gpin 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Coarse AC Dust Fuel inlet presture, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 24 Feb 69
Anti-icing additive 0 5 vol %, DGw, Lot 02268 16
Corrosion inhibitor 1 lb/Mbbl, Santolene C Lot NHm4-006

Teast duration, min 44 Calculated dirt loading, g 166
Fuel throughput, gal 881 Actual element weight gain, g 17620.0
Average rate, gpm 0

Time 0 Min End Test
Meter reading gal 300 1181
Screen AP, psi 2 2
Cleanup AP. psi 1 i

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled. water 7 54 76
IFT, distilled water, dyn/cin 45.4 38.0 39.0

Analyses on injection water:
Time Post Test
SolidiA nig/liter 0:

pH
,r, dyn/cm 71.6
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TABLE 128. SINGLE-ELEMENT LOOP TEST NO. 268 (Cont'd)

Time, AP, Totarmitor Effluent, mLR/liter Influent fuel
min P Lt- Infl Effl Solids Free water temelatlre. F

0 4.7 0 0 80
5 5.3 0 0 0.08 0-1 80

10 0 o 0 80
15 9.1 0 0 80"20 11.6 0 0 80
25 16.5 0 0 80
2ý 20.0 0 0 Neg 101-1i 80
3 32.0 0 4** Neg 20++ 80

35.0 0 4 20++ 80
8.5 0 6 20++. 8044* 4o.co 0 6 0.08 204-++ 80

46 46.2 0 6. 80
48 39.2 80
* The AP of 38.5 occurred at 43 min 45 sec. 40 psi occurred at

44 win 05 sec.
**Eff totamitor peaked at 20 psi + 3:3 min 15 sec with a readingof 10.

Schedule: Minutes Wate r, pm Solids, g/min

0-29 0.002 5.72
29-44 0.2 ----

I ~ ~ ~ i [A J IIIIIII!III _ Jll ti l f~ 1111ill 1 1 1 I rv •I111111~ ~ II I I11 1I I iI•I 11 1 11 ! 1 1I l Il - i l l li

A.0

a

Test time, minuteis
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TABLE 129. SINGLE-ELEMENT LOOP TEST NO. 269

Date: 25 February 1969

Loop no. 3 (Al/SS) Housing: 8" I D Aluminum
Element: Bendix, Part #045800-04
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.'002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection scheduler 5.72 g/min from 0 min to 20 psi, then
discontinae 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated

Date blended with additives: 25 Feb 69
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl. Santolene C , Lot NH04-006

Test duration, min 66 Calculated dirt loading, g 292
Fuel throughput, gal 1315 Actual element weight gain, g 278

Average rate, gpm 19.9

Time 0 Min End Test
Meter reading, gal 300 1615
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Pcst Test
WSIM, distilled water £i 64 62
IFT, distilled water, dyn/cm N.9 37.4 39.5

Analyses on injection water:
Time Post Test
Soiids, mg/liter 0.0

pH 7.
ST, dyn/cm 71.4

_16



TABLE 129. SINGLE-ELEMENT LOOP TEST NO. 269 ti.ont'd)

Time, 4p, Totamitor Effluent, mg/liter Izeluent fuel
min psl Inf t E ld Free water tem~glatuwe.'F

0 4.4 0 0 80
54.7 -0 0 0.05 0-2 80

10 5.0 0 0 8
15 6..1 0 0 80
20 7.4 0 0 80
25 9.1 0 0 80
30 11.2 0 0 80

? 1270 0 80
ý1480 0 80

45 17.5 0 0 30
49 20.0 0 0*0.06 9 80
51 27.5 0 0 0.09 9 80
5ý30.5 0 0 11-12 80

3 2.8 0 0 14-15 80
66 40.0 0 0 0.i2 14-15 80
68 41.5 0 0 80
70 39.1 0 0 80

*Totamitor peaked at 20 psi 1 min 30 sec with a reading of' 1.

Schedule: Minutes Water, Xppm Solids, g/mmn

0-49 0.002 5.72

U49-6 0.2 --
6-66 0.2 5.72

1%I'

Test time. minutev
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TABLE 130. SINGLE-ELEMENT LOOP TEST NO. Z70
Date: Z6 February 1969

Loop no. 3 (A1/SS) Housing: 8" I D Aluminum
Element: Bowser, Part No. A-1389-B
CasIiiser: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Uater Fuel inlet temperature, "F 80
Solids: Coarse A7 Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
"0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then R.72 g/min to end of test.

Test fuel JP-5 batch no, 24 , reused, clay treated
Date blended with additives: 4 6 Feb 69
Anti-icinq additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, Santolene C , Lot NHo4-16

Test duration, min 54 Calculated dirt loading, g 223
Fuel throughput, gal 1080 Actual element weight gain, g 202*
Average rate, gpm 20.0

Time C Min End Test
Meter reading, gal 300 1380
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyý4ee on influe-it fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 7 50 6-7
IFT, distilled water, dyn/cm c 4 .3 36.4 3A.2

Analyses on injection water:
Time Post Test
Solids, mg/liter 0.4
pH 71 .
ST, dyn/cm

Small amount of dirt lost during drying.
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TABLE 130. SINGLE-ELEMENT LOOP TEST NO. 270 (Cont'd)

Time, A, Totarnitor -Effluent, mg/liter Influent fuel
min psi: Inf Effi Solids Free water, tenriperature, F

0 4.6 0 0 80
5 4.9 0 0 0.01 4-,5 80

10 6.5 0 0 8
1.5 7.5 0 0 3-4 80

*20 9.5 0 0 80
25 11.5 0 0 80
30 13.0 0 0 80
3 5 16.5 0 0 19-20 80

720.0 0 0* Neg 18-19 80
226.6 0 1 0.03 20 8o

47 27.9 0 1 20 80
r1228.5 0 1 20 80

54 40.0 0 1 0.02 20+ 80
56 41,7 0 1 80
5'r 34.5 0 1 80

*The effluent totamitor peaked at 20 psi + 2 min at a reading of 7.

Schedule: Minutes Water, gpm Solids, R/rnin

0-37 0.002 5.72
37-52 0.211--
52-54 0.2 5.72

IUm
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TABLE 131. SINGLE-ELEMENT LOOP TEST NO. 271
Date: 27 February 1969

Loop no. 3 (Al/SS) Housing: 8" I D Aluminum
Element: Bowser, Part#A-1389-B
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 27 Feb 69
Anti-iciag additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, Santolene C , Lot NHo40-OO6

Test duration, min 45 CalcAlated dirt loading, g 172
Fuel throughput, gal 897 Actual element weight gain, g 163
Average rate, gpm 19.9

Time 0 Min End Test
Meter reading, gal 300 1197
Screen AP, psi 2 2
Cleanup AP, pot 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 97 76 76
IFT, distilled water, dyn/cm 3.9 37.0 38.7

Analyses on injection water:
Time Post Test
Solids, mg/liter 0.1
pH 7.4
ST, dyn/cm 71.3
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TABLE 13'1. SINGLE-ELEMENT LOOP TEST NO. Z71 (Cont'd)

Time, A Totarnitor Effluent, mg/liter Influent fuel

min iA Infi Eff) Solids Free water ternierature. F

4.8 0 080

280 7 0 I 20--so

Sc5dul: M inue 10tj2 -Sids 80m

0-2.0 0 28 0.102 10.17?

28.8-4 021 0+8

03-28 0.00 5.72

0.'

ILL

Test time. minuatesJ



TABLE 132 SINGLE-ELEMENT LOOP TEST NO. 272 Date: 28 Feb 69

Loop no. 3 (Al/SS) Housing: 8" I D Aluminum
Element: Bowser, Part #A-1389-B
Canister: DoD Type 1

Procedchre no. 13-A Fuel flow, gpm 20 .

Water: Filtered Tap Water Fuel inlet temperature, *F 80

Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated

Date blended with additives: 28 Feb 69
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, Santolene C , Lot NH04-006

Test duration, min 51 Calculated dirt loading, g 206

Fuel throughput, gal 1024 Actual element weight gain, g 192

Average-rate, gpm 20.1

Time 0 Min End Test
Meter reading, gal 300 1324

Screen AP, psi 2 2

Cleanup AP psi 1 !

Analyses or- influent fuel:
Time Post Clay Filter Pre-Test Post Test

WSIM, distilled water 9 53 62

IFT, distilled water, dynicm 4.6 37.4 38.6

Analyses on injection water: Post Test

Time 0.0

Solids, mg/liter 7PH 71.9

ST, dyn/cmr
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TABLE 132. SiNGLE-ELEMENT LOOP TEST NO. ZTZ (Cont'd)

Time, LlI), , Totamitor Effluent, rag/latez Influent fuel
mi_ n _ • In_ fl _ Effl Solids Free water temT)erat•re," F

0 4.9 0 0 80
"- 5 5.8 0 0 0.06 0 80So o +o

15 o 1 80
• 20 l 0 2 0.27 12-•3 80

25 12.6 0 2 80
30 15.u o 2 80
34 20. o o 2* O. Z4 15-16 8039 o 4 0.08 80
a• 25.6 o 3 17-18 80
49 27.o o 3 16-17 80
51 4o.o o 3 o.o• 17-18 80
54 41.5 o 2 80

• 55 33.5 80

'< * At 20 psi + i man 30 sec the effluent totamitor peaked at

a reading of 14.

Schedule: Mi•.•tes Water, gpm Soltda! g/min

o-•, •, o. 002 5 • 7'2
3£+-',9 0.2
21.9-51 0.2 5.72

1 1 Il l I [I il I I111] I l I 1 I l 11 I 1"1 1 It llllll lll [l 1 [ll Il l ill. I I [ I 1.1 l

•-•'3-1••'1 i iiii i [l 1 ]l l i 1 ] [ i I i TI r] i i l F1 i 1 i [ , i 1 , i l i i [ ["

• - : J I I I I[I I I I |'l ] i[l | I I I ill i 1 1 I[I I I tll i 1 1 I I I ! l 1
I - _.I] |[!llll[li,,J,•'llllllllllllilllllllll•llll 1111 III
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TABLE 133. SINGLE-ELEMENT LOOP TEST NO. 273 Date: 5 March 1969

Loop no. 3(A1/SS) Houning: 8" I D Aluminum
Element: Fram Lot 14, DoD Type
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, °F 80

Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0,002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , 'fresh,, clay treated

Date blended with additives: 5 March 1969
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, min 50 Calculated dirt loading, g 200
Fuel throughput, gal 1000 Actual element weight gain, g 171
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 300 1300

Screen AP, psi 2 2

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test
WSIM, distilled water 98 69 77
IFT, distilled water, dyn/cm 46.9 22.5 22.8

Analyses on injection water:
Time Post-test

Solids, mg/liter 0.2

pH 7.5pH 72.3
ST, dyn/cm

224



TABLE 133. SINGLE-ELEMENT LOOP TEST NO. 273 (Cont'd)

Time, Ap, Totamitor Effluent, mg/liter Influent fuel
mini Rsi Infl. Effl Solids Free water tem~eratureo.F

0 4.4 0 080
5 5.0 U 0 0.13 0-1 80

10 6.1 0 0 80
15 3.5 0 0 80
20 11.5 0 0 80
25 14t.5 0 0 80
30 1'1'. 6 0 0 80
32 "C.0 0 0 0.11 8- 80
37 2,ý.8 0 1 0.05 9-10 80
42 25,6 0 1 11-12 80

4726.4 0 1 15-16 80
50 40.o 0 1 0.19 18-1.9 80
52 4o. o 0 1 80
53 31.5 0 1 80

Schedule: Minutes Water, Upm Solids, &/min

0-2 0.002 5.72
217 0.2

7-50 0.2 5.7-2

10 . . . . . . . . . .

0 20 40 60 so 100 a
Tes4 time, minuates
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TABLE 134. SINGLE-ELEMENT LOOP TEST NO. 274
Date: 6 March 1969

Loop no. 3 (AI/SS) Housing: 8" I D Aluminum
Element: Bendix, Part No. 045800-04

Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
"Water: Filtered Tap Water Fuel inlet temperature, °F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

rest fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 6 March 1969
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, AFA-IL Lot 37

Test duration, min 55 Calculated dirt loading, g 229
Fuel throughput, gal 1096 Actual element weight gain, g 225
Average rate, gpm 19.9

Time 0 Min End Test
Meter reading, gal 300 1396

Screen AP. pat 2 2

Cleanup AP, psi 1

Anajyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 99 68 52
IFT, distilled water, dyn/cm 46.1 2C. 1 22.6

Analyses on injection water:
Time PDst-Test
Solids, mg/liter Neg

ST. dyn/cm
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TABLE 134. SINGLE-ELEMENT LOOP TEST NO. Z74 (Cont'd)

Time, AP, Totamitor Effluent, mg/liLter Influent fuel
mrin pt Infl Effl Solids Free water temverature, F

0 4.o 0 0 80
5 4.5 0 1 0.19 0-1 80

10 5.3 0 0 80
15 6.2 0 0 80
20 8.5 0 0 80
25 11.0 0 0 80
30 12. 0 0 80

16.6 0 0 80
20.0 0 0* 0.03 11-12 80

43 25.2 0 1 0.o0 i4-15 so
48 26.4 0 1 14-15 8o
53 27.3 0 1 18-19 80
55 4o.0 0.11 18-19 80
57 42.3 80
58 30.5

*Peak of 3 reached at 20 psi + 1 min 30 see,

Schedule: Minutes Water, gem Solids, /min

0-38 0.002 5.72
38-53 0.2
53-55 0.2 5.72

"• I~ ~ ~ ~ ~~~~I FI I 1 1""1T[ IIIll 1'"llIl

Test time. minutes
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TABLE 135. SINGLE-ELEMENT LOOP 'IST NO. 275
Date: 10 March 1969

Loop no. 3(AliSS) Housing: 8" I D Aluminum
Element: Bowser, Part No. A-1389-B
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, pui 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 10 March 1969
Anti-icing additive 0.5 vol %, Dow, Lot 0226816
Corrosion inhibitor lb/Mbbl, AFA-1 , Lot 37

Test duration, min 57 Calculated dirt loading, g 246
Fuel throughput, gal 1147 Actual element weight gain, g 24820.1
Average rate, gpm

Time 0 Min End Test
Meter reading, gal 299 1446
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 92 72 77
IFT, distilled water, dyn/cm 46.2 22.5 22.4

Analyses on injection water:
Time Post Test
Slids, mg/liter 0.1
PH 7.4
ST, dyn/cm 72.1
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TABLE 15. SINGLE-ELEMENT LOOP TEST NO. 275 (Cont'd)

Time, AP, Totamitor Effluent, mg/liter Influent fuel
min psi Infl Effi Solids Free water termperature. F

0 4.6 0 o 80
. 5 4.9 0 0 0.09 0-1 80

10 5.5 0 0 50
15 6.8 0 0 80
20 7.9 0 0 80
25 9.5 o ) 80
30 10.8 0 o 80
35 12.4 0 o 80
4o 18.5 0 0 80
41 20.0* 0 0 0.07 9-10 8o
46 28.6 0 4 0.04 10-23 80
51 29.8 0 4 204- 80
56 30.9 0 4 20-r+ 80
57 40.0 0 4 0.13 20++ 80
59 42.5 0 4 80
60 35.6 0 4 80

*A peak of 7 was reached at 20 psi + 1 min.

Schedule: Minutes Wa ter, AM Solids, &/min

0-41 0.002 5.72
41-56 0.2
56-57 0.2 5.72

-- I-T T I T1a I I i I 1I I1II | 11I i I- " I I1I ~

T I T

Test time, t minute*
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TABLE 136. SINGLE-ELEMENT LOOP TEST NO. 276
Date: lZ March 1969

Loop no. 3 (AI/SS) Housing: 8" I.D Aluminum
Element: Filter Inc, 14208 Lot 465
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gm 20
Water: Filtered Tap Water Fuel inlet temperature, oF 80
Solids: Coarse AC Dust Fuel initt pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 r'eused, clay treated
Date blended with additives: 11 March 1969
Anti-icing additive 0. 15 vol %, DQw, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, min 67 Calculated dirt loading, g 297
Fuel throughput, gal 1340 Actual element weight gain, g 291
"Average rate, gpm 20.C

Time 0 Min End Test
Meter reading, gal 300 1640
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analysts on influent fuel-
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled waier 96 70 70
IFT, dist!lled water, dyn/cm 45.9 22.5 22.5

Analyses on injection water:
Time Post-Test
Solide, mg/liter 0.1
pH 7.6

ST, dynfcm 71.7
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TABLE 136. SINGLE-ELEMENT LOOP TEST NO. 276 (Cont'd)

Time, AP, Totamitor Effluent, mg/liter Influent fuel
min T~i Ing. ZZACS Ralids Free water tempo rature. F

0 1.4 0 0 80
5 4.1 0 0 m.6 1-2 80

10 4.1 0 0 8015 4.2 0 08o
20 4.5 0 0 80
25 4.8 0 0 8
30 5.3 0 0 80

ý56.6 0 0 80
45 80

45 00 0.02 4-5 80
54 25.2 0 0 0.09 5 80

5ý26.5 0 0 6-7 80
628.8 0 0 20 80
6?40.0 0 0 0.09 20 80

69 41.3 0 0 80
70 38.5 0 0 80

Schedule: Miute W!jiE r.a SldsI1/mi

0 0O

Tee' time, vnn~uute
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TABLE 137. SINGLE-ELEMENT LOOP TEST NO. Z77
Date: 13 March 1969

Loop no. 3(AI/SS) Housing: 8" I fD Aluminum
Element: Bowser, Part No. A-1389-B
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm dl
Water: Filtered Tap WAter Fuel inlet temperature, "F 80

Solids: Carse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 13 March 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, min 53 Calculated dirt loading, g 217
Fuel throughput, gal 1057 Actual element weight gain, g 203
Average rate, gpm

Time 0 Min End Test
Meter reading, gal 299 1356
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 95 50 69

IFT, distilled water, dyn/crn 45.3 22.5 21.7

Analyses on injection water:
Time Post-Test
Solids, mg/liter Neg
pH 7.7
ST, dyn/cm 71.3
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TABLE 13 7. SINGLE -ELEMENT LOOP TEST NO. 277 (Cont'd)

Time, AP, Totamitor Effluent, mg/liter Influent fuel
-mnPAL_ Inf) EMf Solids Free water ttmperature, F

o4.5 0 0 80
5 4.8 0 0 0.05 0-1 80

10 6.0 0 80
15 7. 0 0 80
20 lo.4 0 0 80
25 11.7 0 0 80
30 14.5 0 0 80
35 20.0 0 1 0.05 20 80
40 22.5 0 9 0.14 20-H- 80
4523,.1 0 8 20++s+ 80

50 23.6 0 8 20 .. 80
52 4o.o 0 19* 0.07 20 .. 80
55 38.8 0 9 80
56 32.5 0 1 80

*Peak of 19 reached at 20 psi plus 17 min 30 sec.

Schedule: Minutas Water, jprm Solids, S/min

000

Test time. minutes

23.1

L.



TABLE 138. SINGLE-ELEMENT LOOP TEST NO. 278
Date: 17 March 1969

Loop no. 3 (A1/SS) Housing: 8" I D Aluminum
Element: Filter Inc, 14208 Lot 465
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 70 [

Solids: Coarse AC Dust Fuel inlet pressure, psi 80

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 17 Feb 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot

Test duration, min 69 Calculated dirt loading, g 315
Fuel throughput, gal 1381 Actual element weight gain, g 316

Average rate, gpm

Time 0 Min End Test
Meter reading, gal 300 1681

Screen AP, psi 2 2

Cleanup AP, psi 1 1

Analyses on influent fuel:
Tix:ne Post Clay Filter Pre-Test Post-Test

WSIM, distilled water 95 68 67
IFT, distilled water, dyn/cm 6.3 22.4 22.4

Analybes on injection water:
Tim,- Post-Test

Solids, mg/liter Neg7.9
pri 71.1

ST, dyn/cm
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TABLE 138. SINGLE-E ý EMENT LOOP TEST NO. 278 (Cont'd)

Time, AP, Totamitor Effluent, rag/liter Influent fuel
min psi_ In..f Effl Solids Free water temperature ,F

0 3.9 0 0
5 0 0 0.12 1-210 1 0 0

15 4.4 0 0
20 4.6 0 0

* 25 5.0 0 0
30 5.7 0 0
35 6.6 0 0
4o 8.1 0 0
45 10.5 0 0
50 15.4 0 0
510 20.0 0 o 0.18 7-8
5 26.5 0 1 0.05 10-11
63 28.3 0 1
68 o0.4 0 1
69 40.0 0 1 0.08 20
71 41.7 0 1 17-18
72 38.5 0 1
*A peak of 1 began at 20 psi + 45 sec and remained throughout the test.

Schedule: Minutes Water, 9pm Solids, /min

Ini

I I I : l • : II , i I-A I ', I i I 1 1 1 1 1 fl l' [ I I : I • • , ' I I I l f -

6T - ! 1 I I I 1 I I l lIIL I [ I I I I ' I I I I I I' I I I II I I I I I I I I i I I,,

L{I II l~ i I~ ~lI~ l f 11 1i. U -<lI•T~ lIIII III I 111 11! 1

0 2. 40 80 s. 120
Test time, minutes
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TABLE 139. SINGLE-ELEMENT LOOP TEST NO. 279
Date: 28 March 1969

Loop no. 3(A1/SS) Housing: 8" I D Aluminum
Element: BendixPart No. 045800-04
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0 .002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5 .72 g/rain from 0 rain to 20 psi, thendiscontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 28 March 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA- , Lot 37

Test duration, mrin Ro Calculated dirt loading, g 217
Fuel throughpuZ, gal 1045 Actual element weight gain, g 2 16
Average rate, &pm 20.1

Time 0 Min End Test
Meter reading, gal 300 1346
Screen 4P, psi 2 2
Cleanup AP, psi 11

Analyses on influent fuel:

Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 99 57 56
IFT, distilled water, dyn/cm 46,2 22.5 22.7

Analyses on injection water:
Time Pos t-Test
Solids, mg/liter 0.4
pH 7.5
ST. dynlcm 72.1
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TABLE 1,39. SINGLE-ELEMENT LOOP TEST NO. 279 (Cont'Ai)

Time, Ap, Totamitor Effluent, mg/liter Influent fuel
min 1pi Inf Effi Solids Free water teMgpezature *F

5 ~ .4 0 0 0.13 1-2 80
10 5- 0 080

15 70 8020 900 0 80
25 11.7 0 0 80
30 14.9 0 0 80
35 18.9 0 0 80
36 20.0 0 0 0.6 9-10 80
41 28.3 0 1 0.01 11-12 80
46 29.3 0 1 11-1.2 80
51 29.9 9 2 17-18 80
52 40.0 0 2 0.13 17-18 80
54 42.3 0 2 80
55 33.0 0 2 80

Schedule: Minutes Water, gpm Solids, &/mnin

0-36 0.002 5.72
36-51 0.2
51-52 0,2 5.72

F0 Z0 40 6; so 100oo
Toot time, mintuted

2.37



TABLE 140. SINGLE-ELEMENT LOOP TEST NO. 280
Date: I April 1969

Loop no. 3(4I/SS) Housing: 8" ID Aluminum
Element: Fram, Lot 14

Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, 'F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 rain to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then

discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 ,reused, clay treated
Date blended with additives: 1 April 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corroiion inhibitor 16 lb/Mbbl, AFA-I , Lot 57

Test duration, min 46 Calculated dirt loading, g 177

Fuel throughput, gal 919 Actual element weight gain, g 170
Average rate, gpm 19.9

0 min End TestTime
Meter reading, gal 300 1219

Screen AP, psi 2 2

Cleanup AP, psi 2 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test

V'SIM, distilled water 98 80 82

IFT, distilled wbter, dyn/cm 46.7 20.8 21.2

Analyses on injection wate7:
Time Poent Test

Solid&, mg/liter 0.0

ST. dynlcm 70.

131.
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TAB3LE 140. SINGLE-ELEMENT LOOP TEST NO. Z80 (Cont'd)

Time, AP, Totamitor -Effluent- Mg /liter Influent fuel
minLk Inn Effi Solids Free water temperature,0 F

0 4.2 0 0 80
5 4.8 0 1 o.16 0-1 8o
10 5.6 0 1 80
15 8.2 0 1 8o

2011.1 0 0 80
2515.4 0 0 8

2? 20.0 0 U 0.10 9-10 G
34 29.1 0 1 0.19 9-10 80
3929.6 0 1 11-12 80
430.4 0 2 20 80

46 4ý0.0 0 2 0.06 20 80
48 41.5 0 2 80
49 31.5 0 2 80

*Peak of' 4 reached at 20 psi + 1 min.

Schedule: Minutes Water, gpm Solids, glmin

0-29 0.002 5.72
29-44 0.2 --
U4-46 0.2 5.72

0 zo 40 60 so 100 0
Test time. minuitest



TABLE 141. SINGLE-ELEMENT LOOP TEST NO. 281
Date: 2 April 1969

Loop no. 3 (A1/SS) Housiag: 8" ID Aluminum

Jclamcpt P'ram, T-0~ 14
C"ntster: DoD Type 1

Proc•-dure no. 13-A Ful flow, gpn 20
Watr;. Filtered Tap Water Fuel inlet temperature. *F 70
Solids: Coarse AC Dust Fuel inlet pressure, psi 80

Water injerztion schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 2 April 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, rain 48 Calculated dirt loading, , 194
Fuel throughput, gal 966 Actual element weight gain, g 180
Average rate, gpm 20.1

Time 0 min End Test
Meter reading, gal 300 1266
Screen AP, psi 2 2
Cleanup AP. psi

Analyses on influent fuel:
Tirnz Post Clay Filter Pre-Test Post Test
WSIM, distilled water 99 77 86
IFT, disti~led water, dyn/crai 14.1 22.5. 22.1

Analyses on injection water:
Time Post Test
Solido, rmg/liter 0.1
pH 7.7
ST. 4yn/cm 71.7
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TABLE 141. SINGLE-ELEMENT LOOP TEST NO. 281 (Cont'd)

Time, ap, Totamitor Effluent, MA/liter Influent fuel
minPe i Onfl Effl Solids Free water tempe2rture." F

0 4-.3 0 0 80
5 5.5 0 1 0.20 1-2 8o

10 6.5 0 1 80
15 9.2 0 1 80
20 11.8 0 0 8025 14.8 0 0 80
30 18.8 0 0 80
31 20.0 0 0* 0.07 7-8 80
ý6 24. 0 0.11 17-18 80
41 24 .8 0 1 15-16 80

46 26.5 0 1 10-11 80
49 40.0 0 1 0.34 18-19 80
51 40.6 0 1 80
52 30.8 0 1 80
* Peak of 2 reached at 20 psi + 1 min 30 sec.

Schedule: Minutes Water JPM Solids, g/rain
0-31 0.002 5.72
1-46 0.2
6-49 0." 5.72

. . . . . . . . ....
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TABLE 142. SINGLE-ELEMENT LOOP TEST NO. 282
Date: 3 April 1969

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, 14208 Lot 465
Canister: DoD Type 1

Procedure no,. 13-A Fuel flow, gpm 20

Water: Filte:ed Tap Water FVel tizet tempera•.re, OF 80

Solids: Coarse AC %'ust Fuel inlet pressure, poi 70

Water injection ichedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Teat fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 3 April 1969
Anti-icing additive 0,15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 1.6 l,/tAbbl, kFA -1 , Lot 37

Test duration, rir 58 Calculated dirt loading, g 292

Fuel throughf'.it, gal 1152 Actual element weight gain, g 297
Averag- rate, gp.n 19

Time 0 min -End Test
Meter reading, gal 300 12452

Screen AP, psi 2

Cleanup &l1, psi 1

Analyse, on influe-t fuel:
Ti.n e • Post Clay Filter Pre-Test Post Test

WSIM, distilled wateZ 97 75 72

IFT, iistilled water, dyn/cm 45.5 22.3 22.5

Atialysct on injecion -r"

Time Post Test

Solids, rng/liter 0.1

P14  r7.9

ST, vyn/c! 
-71.5
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TeTABLE 142. SINGLE-ELEMLNT LOOP TEST NO. 282 (Cont'd)

034 0 0 80
53.8 0 0 0.09 0-1 80

15 .1 0 0 80
20 4.4 0 0 80
25 4.6 0 0 80
30 5.1. 0 0 80

ý36.0 0 0 80
07.6 0 0 80

45 103 0 0 80
51 20.0 0 0 0.10 9-10 80
56 28.5 0 0 0.12 9-10 80
58 40.0 0 0 0.08 80
6o 41.5 0 0 80
62 35.0 0 0 80

Schedule: Minutes Water, gpm Solids, g/nir%

0-51 0.002 5.72
51-58 0.2 --

Test time, mint~tes

443



TABLE 143. SINGLE-ELEMENT LOOP TEST NO. 283
Date: 4 April 1969

Loop no. 3(AI/SS) Housing: 8" ID Aluminum
Element: Bowser,Part No. A-1389-B
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 4 April 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, min 58 CGAculated dirt loading, g 246
Fuel throughput, gal 1139 Actual element weight gain, g 226
Average rate, gpm 19.6

Time 0 min End Test
Meter reading, gal 297 1436
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 97 78 66
IFT, distilled water, dyn/cm 45.1 22.5 22.3

Analyses on injection water:
Time Post Test
Solids, mg/liter 0.4

ST, dyn/cm 71.6
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TABLE 143. SINGLE-ELEMENT LOOP TEST NO. 283 (Cont'd)

Time, AP, Totamitor ,ffluent, mg/liter Influent fuel
min PI k Efl Solids Free water temperature. * F

0 4.0 0 0 80
5 5.0 0 0 0.12 1-2 80

10 6.5 0 0 80
15 8.0 0 0 80
20 9.5 0 0 80
25 11.5 0 0 80
30 12.3 0 0 80
35 14.0 0 0 80
4o 18.8 0 2 80
41 20.0 0 25* 0.11 20+ 80
46 28.0 0 25 0.07 20+++ 30
51 29.6 0 1? 20++H. so
56 0.7 0 14 20+-o 80
58 ý40.0 0 32 0.18 20+++ 80
59 44.0 0 100** 80

* Peak of 38 reached at 20 psi + 2 min.
** Probable rupture of element.

Schedule: Minutes Water, ppm Solids, &/min

o-41 0.002 5.72
S•41-56 0.2

56-58 0.2 5.72

IImJ1 LA
T I.. . I I. .

0 z0 o0 60 s0 100 INO
Test time., minutes
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TABLE 144. SINGLE-ELEMENT LOOP TEST NO. 284
Date: 7 April 1969

Loop no. 3(A1/SS) Housing: 8" ID Aluminum
Element: Bendix,Part No. 045800-04
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection scheaule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel ,TP-5 batch no. 24 , reused clay treated
Date blended with additives: 7 April 1969
Anti-icing additive 0.15 vol c/, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, min 52 Calculated dirt loading, g 212

Fuel throughput, gal 1043 Actual element weight gain, g 203
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 300 1343
Screen AP, psi 2 2
Cleanup AP, psi 1 1I

Analyses on influent fuel.

Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 96 63 56
IFT, distilled water, dyn/cm 4.6 22.8 22.9

Analyses on injection water-
Time Post Test
Solids, mg/liter 0.2
SPH 7.5

ST, dyn/cm 71.1
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TABLE 144. SINGLE-ELEMENT LOOP TEST NO. 284 (Cont'd)

Time, A Totarnitor Effluent, mg/liter Influent fuel
min 2!l t- n E ff S1 olido Free water temiperature.' F

0 4.0 0 U 80
5 4.6 0 1 0.23 2-3 80

10 55 0 08
15 7.5 0 0 80
20 9.6 0 0 80
25 12. 0 0 80

*30 15.4 0 0 80
34 20.0 0 0 o.o6 8-9 80

ý2 43 0 0 0-05 10-11 80
424.6 0 1 8-9 80

4.9 25.0 0 1 9-10 80
52 40.0 0 1 0.06 20+ 80
54 41.4 0 180
55 31.5 0 1 80

Schedule: Minutes Water, gpm Solids, &/mrin

0-34 0.002 5.72
34-49 0.2 --
49-52 0.2 5.72

44

Test time. Ininutes

247



TABLE 145. SINGLE-ELEMENT LOOP TEST NO. 285
Date: 8 April 1969

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Bendix,Part No. 045800-04
Canister: DoD Type 1

Proceiure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, 'F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gL-m to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 8 April 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, min 50 Calculated dirt loading, g 206
Fuel throughput, gal 1009 Actual element weight gain, g 192
Average rate, gpm 20.2

Time 0 min End Test
Meter reading, gal 300 1309
Screen AP, psi 2 2

Cleanup AP, psi 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 99 70 53
IFT, distilled water, dyn/cm 4 4 .2 22.9 22.7

Analyses on injection water:
Time Post Test

Solids. mg/liter 0.1
PT. 8.1
ST. dyn /cm 69.6



TABLE 145. SINGLE-ELEMENT LOOP TEST NO. 285 (Cont'd)

Time, AP, Totarnitor Effluent, mg/liter Influent fuel
min psi Infl Effi Solids Free water temperature.oF
0390 0 805 4.4 2 0.18 0-1 80

10 5.1 0 1 80
15 7.5 0 0 80
20 10.3 0 0 8025 142 g 80
30 180 o08
33 20.0 0 0 0.07 18-19 80

3825.9 0 0 0.08 17-18 80
4327.2 0 0 17-18 80

48 28.2 0 0 20 80o
50 40.0 0 0 0.03 18-119 80
52 42.1 0 0 00
54 29.8 0 0 80

Schedule: Minutes Water, gprn Solids, g/min

033-4 0.002 5.72

48ZO50 60. 587

Tet10, iue
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TABLE 146. SINGLE-ELEMENT LOOP TEST NO. 286

Date: 14 April 1969

Loop no. 3(AI/S$) Housing: 8" ID Aluminum

Element: Bowser, A-1169-B
Canister: DoD Type 1ý

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, 'F 80
Solids: Coarse AC Dust Fuel inlet pressure, pai 70

Water injection schedule:0.002 gpm from 0 min to 20 psi, then,
0.2 gpm from 20 psi to end of test.

Solids injection schedule: 5.72 g/min from 0 mian to 20 psi, then,
0 g/min from 20 psi to 2C psi + 15 mii., then 5.72 g/min
to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 14 April 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 16 lb/Mbbl, AFA-I , Lot 37

rest duration, min 5 Calculated dirt loading, g 229
Fuel throughput, gal 1101 Actual element weight gai.n, g 212
Average rate, gpm 20.0

Time 0 min Eid Test
Meter reading, gal 295 1396
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on infCuent fuel:
Ti-ne Post Clay Filter Pre-Test Post Test
WSIM, distilled water 97 65 72
iFT, distilled water, dyn/cm 4.3 22.5 22,4

Analyses on injection water:
Time Post Test
Solids, mg/liter 0.1

pH 7.9

ST, dyn/cm 70.7



TA)LE 146. SINGLE-ELEMENT LOOP TEST NO. 286 (Cont'd)

Time, 4P, Totamitor Effluent, ma/liter Influent fuel
min gt Intl Effl Solids Free water teMInerature. F
0 5.0 0 0 80
5 5.5 0 0 0.26 , 80

10 5.5 0 0 9-10 O0
15 8.5 0 0 8-9 80
20 9.5 0 0 7-8 80
25 10.5 0 0 7-8 80
30 12.5 0 0 9-9 80
3 15.8 0 0 7-8 80

2o,. 0 1 0.28 18-19 80
52.7 o 1 0.17 20+ 80
2 .5 0 2 15-16 80

53 0.2 0 2 20+ 80
55 40.o 0 3 0.09 20+++ 80
57 42.0 BO
* AEL pads not readable.

Srhednle: Minutes Water, gpm Solids, g/rnin

0-38 0.002 5.72
38-53 0.2
53-55 0.2 5.72

lo
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TABLE 147. SINGLE-ELEMENT LOOP TEST NC. 287
Date: 15 April 1969

Loop no. 3(A1/SS) Housing: 8" ID Aluminum
Element: Fi'ters Inc, 14208 Lot 465
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtred Tap Water Fuel inlet temperature, "F 80
Solids, Coarse AC Dust Fuel inlet pressure, not 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end cf test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 15 April 1969
Anti-icing additive 0.15 vol J6, Dow, Lot 02268 16
Corrosion inhiaitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, mini 51 Calculated dirt loading, g 200
Fuel thioughput, gal 10:6 Actual element weight gain, g 202
Average rate, gpm 199

Time 0 min End Test
Meter reading, gal 298 1314
Screen 6P, psi 2 2
Cleanup aP, psi 1 i

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 99 81 79
IFT, distilled water, dynlcm 3.4 22.5 22.4

An.ilyses on injection water:
Time Post Test
Solids, mg/liter 0.2

pH 71.6
ST, dyn/cm



TABLE 147. SINGLE-ELEMENT LOOP TEST NO. 287 (Cont'd)

Time, AP, Totamitor- Effluenta mg/liter Influent fuel
m~in gsi Inf Effi Solids Free water teMp~erature.*F

0 3.7 0 0 80
5 37 0 0 0.20 4-5 80

10 140 0 0 2-3 80
15 14.2 0 0 80
20 .5.1 0 0 80
25 6.9 0 0 8o
30 U1.1 0 0 80
34 20.0 0 0 0.25 16-17 80

3927.9 0 0 Neg 20 80
4430.0 3 0 19-20 80

49 32.3 0 0 20+ 80
51 140.0 0 0 Neg 20 80
53 41.5 0 0 80
51 38.3 ) 0 G

Scheduie: Minutes WaeXr Solids, glrnin
0- 4 0.002 5.72

J I*



TABLE 148. SINGLE-ELEMENT LOOP TEST NO. 288
Date: 16 April 1969

Loop no. 3 (A1/SS) Housing: 8" ID Aluminum
Element: Fram, Lot 1.4
Canister: DoD Type 1

Procedure no. 13..A Fuel flaw, gpm 20
Water: Filtered Tap Water Fuel irlet temperature, aF 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection scheduls: 0.002 gpm from 0 min to 20 psi, then
).2 gpm to end of test.

Snlids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Dale blended with additives: i5 April 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02263 16
Corrosion inhibitor 16 lb/Mbbl, AFA-1 , Lot 37

Test duration, min 45 Calculated dirt loading, 1 172
Fuel throughput, gal 900 Actual element weight gain, g 15720.0
Average rate, gpn,

Time 0 min End Test
Meter reading, gal 300 1200
Screen &P, psi 2 2
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Poet Clay Filter Pre-Test Post Test
WSIM, distilled water 95 86 84
IFT, distilled wate-, dyn/cm 43.1 23.3 22.9

Analyses on injection water.
Time Post Test
Solids, mg/liter 0.0
pH 7.4
ST, dyn/cm 73.4
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TABLE 148. SINGLE-ELEMENT LOOP TEST NO. 288 (Cont'd)

Time, Ap, Totamitox Effluent, mr/liter Influent fuel
min psi Inf. Effl Solids Free water temperature. F

0 4,1 0 0 30
5 4.7 0 1 0.02 1-2 '0

10 6.1 0 1 3-4 80
15 8.8 0 0 80
20 12.8 0 0 30
25 16.4 0 0 80
28 20.0 0 0 Neg 16-17 80
3 26.1 0 1 0.33 18-19 80

3 25.4 0 1 17-18 80
3 26.5 0 1 20 80

45 40.0 0 1 0.26 20 80
47 41.3 0 1 80
48 32.5 0 0 80

Schedule: Minutes Water, gpm Solids, g/nxin

0-28 0.002 5.72
28-43 0.2

0.-45 0.2 5.72

10 i'!~~ ~ f li.H

_Ii Tillil<1l~ l t fillI

0 20 40 60 80 100 IZO
"reSt time, minutes
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TABLE 149. SINGLE-ELEMENT LOOP TEST NO. 289
Date: 22 April 1969

Loop no. 3 (AI/SS) Housir.g: 8" ID AIluninum
Elen~e't: Fram,Lcc, 14
Canister: DoD Type 1

Procedure no. 13-A Fiel flow, gpm 20
Water: Filtered Tap Water Fuel inlet ten-peratjre, °F 80
Solids: Coarse kC Dust Fuel inlet pressure, psi 70

Water 'injection sche#,ule: 0.002 gpm from 0 min to kO psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , fresh, clay treated
Date blended with additives: 22 April 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 ,Lot 24794

Test duration, rmin 27 Calculated dirt loading, g 137
Fuel throughput, gal 540 Actual element weight gain, g 122
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 300 84C
Screen AP, psi 2 2
Cleanup AP, Psi 0 0

Analyses on influent fur
Time Post Clr.y Filter Pre-Test Post Test
WSIM, distilled wat 9b 53 64
IFT, distilled wate Yn1icm 06.7 24.8 24.8

Analyses on iiijection water:
Time Post Test
Solids, rnag/liter 0.1

pH 7.8

ST, dyn/cm 71.4

2 %



TABLE 149. SINGLE-ELEMENT LOOP TEST NO. 289 (Cont'd)

Time, AP, Totarnitar Effluent, mg/liter Influent fuel
min RLi Infi Effi Solids Free water temperatuye.*F
0 14.3 0 0 80
5 4.6 0 i. 0.47 3-4 80
10 5.5 0 1 80
15 8.6 0 1. 80
20 13.8 0 2. 80

ý)4 2 .0 0 0 7ý20 8
29 43.5 0 100+ 80
30 36.3 0 100+ 80

Schedule: Minute s Wtr pn Solids, S/ min

0-24 0.00") 5.72
24-27 0.2

r

0 20 40 60 so 100 Izo
Test time, minutes



TABLE 150. SINGLE. 'LEMEIT LOOP TEST NO. 290
Date: 23 April 1,969

Loop no. 3 (Al/SS) Housing: 8" ID Alumin•urA
E) ement: Filters Inc, 142CC Lot 465
Canister: DoD Type "

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, 'F so
Solid&. Coarse AC Dust Fuel inlet presiure, psi 70

Water inje,'tion schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end o' tert.

S.lidi injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 23 April 1969
Anti-icing additive C;. 15 vol %, Dow, Lot 02268 16
Corro•ion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test auration, min 38 Calculated dirt loading, g 212
Fuel throughput, gal '760 Actual element weight gain, g 213
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 300 1060
Screen AP, psi 2 2
Cleanup 6P, psi 0 0

Analyses on influent fuel:
Time Post Cla Filter Pre-Test Post Test
WSIM, distilled water 53 64

IFT, distitled water, dyn/cm N63 24.S 24.5

Analyses on injection water:
Time Po t Test
Slids, mg/liter 0.0
pH
ST, dyn/crn 71.2



TABLZ2 150. SINGLE-ELEMENT LOOP TEST NO. 290 (Cont'd)

Time, 4P, Totamitor Effluent, mg/liter Influent fuel
mi n Infl Eff] Solid.. Free water tomperature •.

0 3.3 0 0 80
5 3.8 0 0 0.28 3-4 80

10 3.6 o 0 80IN4 1 0 0 80
26 4.4 0 0 8025 5.0 0 0 80

30 6.4 0 0 80
35 11.2 0 0 80
37 20.0 0 0 1.02 20+ 80
3 40.0 0 9 20+++ .80
ýO --- 0 100+ 80

0 0 100+ s42 0 5 80

Schedule: Minutes Waterpm Solids, gmrin

0-37 0.002 5.72
37-38 0.2 ?---

10

4; H

0 1 0 40 60 80 100 120
Test time. minutes
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TABLE 151. SINGLE-ELEMENT LOOP TEST NO. 291
Date: 24 April 1969

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Bowser, Part No. A-1389-B
Canister: DoD Type 1

Procedure no. 15-A Fuel flow, Apm 20
Water: Filtered Tap Water Fuel inle• ternperatJre, F 80
Colidu: Coarse AC Dust Fuel inleft pressurse pli 70

Water injection schedule: 0.002 gpm from 0 min to 2C psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 1.5 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additivet. 24 April 1969
Anti-icing additive J.15 vol %, Dow Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 Lot 24794

Test duration, min 35 Calculated dirt loading, g 172

Fuel throughput, gal 699 Actual element weight gain, g 107
Ave rage rate, Spm 20.0

rime 0 rMn End Test
Me.ter reading, gal 299 1000
Screen AP, psi 2
Cleanup AP, Psi 0 0

Analyaes on influent fuel:
Time Post Clay Filter Pre-Tept Post Test
WSIM, diktilled water 98 65 80
IFT, ditntilled water, dyn/cm 46.2 24.3 25.9

Analyses on injection water:
Time Post Test
Solids, :rig/liter 0 .

pH 7.,
ST, dyn/cm 71.,2



TABLE 151. SINGLE-ELEMENT LOOP TEST NO. 291 fCont'd)

Time, tP, Ti.taznitor Effluent, mg/liter Influent fuel
min Eli_ Inn E ffi Solids rire. water temnperatur.;QF

U 14.3 0 0 80
5 5.0 0 0 0,18 18-19 80

10 5.9 0 2 20 80
15 7.5 0 1 20 80
2C 9.5 0 1 80
25 13.6 0 2 80
30 20.0 0 2 0.16, 20+ 80

,475 0 100+ Neg 20+++ 80
36 43.5 0 100-1 8o
38 33.4 0 30 80

S'rhedule: Minutes Wa ter, Upm Solids, glrrin

0-30 0.002 5.72
30-355 0.2 --

~10

0040 60 s0 10 120
Trat time. miinutes



TABLE 152. SINGLE-ELEMENT LOOP TEST NO. 29Z
Date: 25 April 1969

Loop no. 3(A .iSS) Housing: 8" ID Aluminum
Element: Bendix, Part No. 458CO0-,)4
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpin 20
V,ater: Filtered Tap Water Futl inlet teraperature, *F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpia frot' 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min :'rom ) min to 20 psi, then
discontinue 15 min, thee '.72 g/mrin to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 25 April 1969
Anti-icing additive 0.15 vol %, Dow, L,! 02268 16
Corrosion inhibitor 20 lb/tAbbl, Lut..zol 541 , Lot 24794

Te3t duration, min 27 Calculated dirt loading, g 114
Fuel throughput, gal 5h4 Actual element weight gain, g 128
Average rate, gpm 20.9

Time 0 min End Test
Meter reading, gal 322 886
Screen 6P, psi 2 2

Cleanup AP, psi 1 0

Analyses on influent fuel.
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 96 75 62
IFT, distilled water, dyn/cm45.7 25.7 26.7

Analyses on injection water:
Ti•,e Post Test
Solids, mg/liter ----

pH 7

ST, dyn/cm

'ij



TA3LE 152. SINGLE-ELEMENT LOO)P TEST 1,40. 292 (Coiut'd)

Timre, 4p, Totamitor Effluent, I,'A/liter In'hzert fuel
min gpst Infi Effi Solids Free water t~emp!ature,*F

0 3o 0 C, 80
545 0 2 0.60 12.80

10 6. 0 1 80
15 10.0 0 1 80
20 20.0 0 1 0.54 20+++ 80
25 37.7 0 63 0.98 20..H 80
27ý 40.0 0 100+ 1.12 20+++ 80
3.1 41.2 0 100+ 80
)335.0 0 100+ 80

Schedule: Minutes Water, ILpM Solidsj /rxvn

0_0 0.002 5.,?"

I I IL I

4t

Test ti.me. ;nt'nutirs



TABLE 153. SINGLE-ELEMENT LOOP TEST NO. 293
Date: 29 April 1969

.)op no. (AI/SS) Housing: 8" ID Aluminum

Element: Bowser,Part No. A-1389-B
Canister: DoD Type 1

Procedure no. i-3-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80

SolidIs: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 28 April 1969
Anti-iciag additive 0.15 vol 40, Dow, LoL 02268 16
Corrosion inhibitor 20 lbiMbbl, Lubrizol 541 , Lot 24794

Test duration, min 33 Calculated dirt loading, g 177
Fuel throughput, gal 665 Actual element weight gain, g 178
Average rate, gpm 20.1

Time 0 min End Test
Meter reading, gal 300 965
Screen AP, psi 2 2

0 0
Cleanup 1P, psi

Analyces on influent fuel:
Time Fost Clay Filter Pre-Test Post Test
WSLM, distilled water 97 74 59
!FT, distilled water, dyn/cm 45.3 25.6 26.6

Analyses on injectiohn water:
Time Post Test
Solids, mg/liter Neg
pH 7.7
ST, dyn/cm 71.6
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TABLE 153. SINGLE-ELEMENT LOOP TEST NO. 293 (Cont'd)

Time, p Totamitor Effluent, mg/liter Influenit fuel
min P0 Infi Effi Solids Free water temperature. "F

0 4.9 0 0 S
5 6.5 0 0 0.41 15-16 80

10 8.3, 0 4 20±ý+ 8o
15 10.2 0 5 20+ 80
20 11.5 0 180
25 13.5 0 1 8o
30 18.8 0 3 80
31 20.0 0 3 0.30 20++ 80

3 3 40.0 0 100+ 3.96 20±-H-+ 80
3450+ 0 100+ 80

37 ---- 0 100+ 80

Sclv~dule: Minutes Water, gpm, Solids, &/mnin

0-31 0.002 5.72
31-33 0.2

100

Test time, minutes
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TABLE 154. SINGLE-ELEMENT LOOP TEST NO. 294
Date: 2 May 1969

Loop no. 3(AI/SS) Housing" 8" D Aluminum
Element: Bendix, 0o45800-04
Canister: DoT) Type 1

Procedure no. 13-A Fuel flow, gprn 20
Water: Filtered Tap Water -- Fuel inlet temperature, 'F 80
Solids: Coarse AC Dust Fuel inlet pressere, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/rnin from 0 min to 20 psi, then
discontirIue 15 min, then 5.72 to end of test.

Test fuel JP-5 batch no. 24 - reused, clay treated
Date blended with additives: 1 May 1969
Anti-icing acditive 0.15 vol %, Dow, Lot 02269 .6
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 54l1 , Lot 24794

Test duration, mrin 36 Calculated dirt loar 'ng, gi i43
Fuel throughput, gal 725 Actual elerne'-t weight gain, g 158
Average rate, gpm 20.1

Time 0 Min End Test
Meter reading, gal 300 1025
Screen AP, psi 2 2
Cleanup AP, psi 0

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 97 37 45
IFT, distilled water, dyn/crn 44.8 25.4 26.7

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0.5
pH 7.5
ST, dyn/cm 70.6
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TABLE 154. SINGLE-ELEMENT LOOP TEST NO. 294 (Cont'd)

Time, ap, Totamitor Effluent, rnp/liter Influjent fu,,t
min psi Infi Effl Solids Free v'ater temperature-,F

0 3.5 0 0 80
5 4.2 0 0 0.50 1-2 80

10 4.6 0 0 80
15 7.0 0 0 8o
20 12.5 0 0 80
25 20.0 0 0 0.42 8-9 80
30 36.1 0 64 1.3)4 20+ S
35 p9. 1 0 100+ 20+-H- 80
36 40.0 0 100+ 1.15 20+-H- 80
38 413 0 100+ 80
39 35.0 0 100+ 80

Schedule: Minutes Water, gpm Solids, S/min

0-25 0.002 5.72

I i

Test time, minutes



TABLE 155. SINGLE-ELEMENT LOOP TEST NO. Z95

Date: 5 May 1969

Loop no. 3(Al/SS) Housing: 8" I D Aluminum
Element: Fram, Lot 14 DoD Type
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Waer: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 5 May 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 29 Calculated dirt loading, g 137
Fuel throughput, gal 565 Actual element weight gain, g 99
Average rate, gpm 19.5

Time 0 Min End Test
Meter reading, gal 300 865
Screen AP, psi 2 2

Cleanup AP, psi 1 0

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 97 61 58
IFT, distilled water, dyn/cm 44.1 25.9 26.5

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0.2
pH 7.4
ST, dyn/cm 69.6
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TABLE 155, SINGLE-ELEMENT LOOP TEST NO. 295 (Cont'd)

Time~, AP, Totamitor Effluent, mg/liter Influent fuel
minu po If Ef~i Solids free water temperature.*F

0 4.0 0 0 80
5 5.0 0 0 0.52 5-6 80

10 5.9 0 0 80

24 20.0 0 0 0.62 15-16 80
29 40.0 0 100+ 1.41 20+++ 80

Schedule: --Minutes Water, gpm Solids, S/min

0-24 0.002 5.72

VI24-29 0.2

100

II

0 20 40 60 8o 100 120
Test time, minutes
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K
TABLE SINGLE-ELEMENT LOOP TEST NO. 296

Date, S May 1969

Loop no. 3(AI/SS) Housing: 8" I D Aluminum

Element: Filter Inc, I4208 Lot 465
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 5 May 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 25 Calculated dirt loading, g 137
Fuel throughput, gal 506 Actual element weight gain, g 137
Average rate, gpm 20.2

Time 0 Min End Test
Meter reading, gal 300 806
Screen AP, psi 2 2
Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, die.. 1d water 97 63
IFT, distilled water, dyn/cm 41.8 25.2 25.7

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0
PH6
ST, dyn/cm 6 0
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TABLE 156. SINGLE-ELEMENT LOOP TEST NO. 296 (Cont'd)

Time, AP, Totarnitor Effluen,it rn~Iie Influent fuel
min Pat - I Effl Solid~s Free water ternperature, F

0 3.2 0 0 8o5 3.6 0 0 0.20 20 810 3.6 0 0 80
15 4.2 0 0 7-8 8o
20 6.1 0 0 80
24 20.0 0 0 1.04 19-20 8o
25 40.0 0 0 20.44+ 80
26 48.5 0 100+ 8o
28 42.8 0 0 8o

Schedule: Minutes Water, gprn Solids, gimin
0-.24 0.002 5.72

24-2~5 0.2 --

'100

0 20 ;0 60 80 100 120
Test time, mpinutes
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TABLE 157, SINGLE-ELEMENT LOOP TEST NO. 297
Date: 7 May 1969

Loop no. 3(Al/SS) Housing: 8" I D Aluminum
Element: Bendix, Part No. 045800-04
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, F 80
Solids: Coarse AC Dust Tuel inlet pressure, psi 70

Water injection schedule: 0,002 gpm from 0 min to 20 psi, then
0.? gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, tnen 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 , reused, clcy treated
Date blended with additives: 6 May 1969
Anti-icing additive 0.15 vol %1, Dow, Lot 02268 16

Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 30 Calculated dirt loading, g 114
Fuel throughput, gal 600 Actual element weight gain, g 126
Average rate, ,pm 20,0

Time 0 Min End Test
Meter reading, gal 299 899
Screer. AP, psi 2 2

Cleanup AP, psi 0 0

Analyses or! influent fuel:
T:.me Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 96 65 51
IFT, distilled water, dyn/cm 40.3 24.9 26.2

Analyses on injection water:
Time Poet-Test
Solids, mg/liter 0.47.8
pH 70.8

ST, dyn/cm
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TABLE 157. SINGI 1E-ELEMENT LOOP TEST NO. 297 (Cont'd)

Time, AP, Totamnitor Effluent, Mg/liter Lifluent fuel
min gli Infl Effl Solids Free wate; temperature.eF

0 o o80
5 .1 0 00.66 0-1 80
10 5.1 0 0 80
15 9.5 0 0 80
20 20.0 0 0 5.98, 4-5 80
25 &o o 05.94 20 80
31 4080 0 100+ 1. i6 204-H4- 80
32 35.0 0 100+ 80

Schedule: Miue Waelp Solids, g/mi

0-20 0.002 5.72
20-30 0.2 --

0 10 40 600s 100 110
Test fir.mc inuataes



TABLE 158. SINGLE-ELEMENT LOOP TEST NO. 298
Date: 8 May 1969

Loop no. 3 (Al/SS) Housing: 8" I D Aluminum
Element: Fram, Lot 14 DoD Type

Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 p3i, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. 24 . reused, clay treated
Date blended with additives: 7 May 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16

L•orro'ion inhibitor 20 lb/Mbbl, Lubrizol 541 # Lot 24794

Test duration, min 30 Calculated dirt loading, g 132
Fuel throughput, gal 590 Actual element weight gain, g 123
Average rate, gpm 19.7

Time 0 Min End T!est
Meter reading, gal 298 388
Screen AP. psi 2 2

Cleanup &P, psi 0 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Posi-Test
WSIM, diwtilled wa ter 95 71 62

IFT, distilled water, dys!cmn 38.3 25.1 26.5

Analyses on injectiou water:
Time Pos -Te et
Solidi., mg/liter
pH 7.3
ST. dyn/cm 72.0
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TABLE 158. SINGLE-ELEMENT LOOP TEST NO. 298 (Cont'd)

Tim~et, , Totamitor Effluent, Wm/Lt-eW Influent fuel
min psi Infi. Effi Solids Free water LeMper~attw.F

0 4.21 0 0 80
5 4.9 0 0 o.4,7 0-1 80

10 5.5 0 0 80

2j20.0 0 0 0.63 16-17 S0
27.2 0 100+ Neg 20..H Fo

30 4O.0 0 100+ 1.29 20+4-H-p
30 41.0 0 100+ bo
33 35.5 0 100+ 8o

Schedule: minuates Waer jtm Slds /

0-23 0.002 5.72
23-30 0.2 --

Test tunsb, Ulib~to



TABLE 159. SINGLE-ELEMENT LOOP TEST NO. 299
Date: 8 May 1969

Loop no. 3(Al/SS) Housing: 8" I D Aluminum
Element: Used Bowser,#2 (Andrews AFB)
Caniuter: DoD Type 1

Procedure no. Special Fuel flow, gpm Varied
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: None Fuel Wnlet pressure, psi 70

Water injection schedule: C>.002 gpm from 0 to 30 min, 0.2 gpm from 30 to
145 min, 0.15 gpm from 45 to 55 min, 0.10 gprm from 55 to 66 oin
and then water off.

Solids injection schedule: None

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 8 May !969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corz-osion inhibitor None lb/Mbbl, , Lot

Te3t duration, min 69 Calculated dirt loading, g
Fuel throughput, gal 1478 Actual element weight gain, g
Average x.,te, gpm Varied

Time 0 Min End Test0 1478
Meter reading, gal 2 2

Screen AP, psi 0 0

Cleanup AP, psi

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 97 92 95
IFT, distilled water, dyn/crn 37.0 37.0 34.0

Analyses on injection water:
Time Post-Test
Solids, mg/liter O.1
pH 7.8
ST, dyn/cm. 72.0
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TABLE 159. SINGLE-ELEMENT LOOP TEST NO. 299 (Cont'd)

Time, AP, Totamitor Eifluent. nm/liter Influent fuel
mlin at_ - a Effi Solids Free water temperature." F

0 25.1 0 0 3-4 80- 5 25.6 0 0 20+ 8010 25.6 0 20 20++ 8015 26.8 0 23 20++ 80
20 269 0 23 20-H- 80
25 27., 0 23 20++ 80
30 23.2 0 23 20+4-I- 80
ý5 30.3 0 100 20++.. 800 31.6 D I ̂ 00 80'45 29.5 3 100 --- 8oS50 23.0 0 100 --- 8055 23.0 0 80 --- 8060 14.5 0 10 20+++ 8065 14.5 0 10 20++ 8066 14.o 0 10 --- 8067 30.0 0 20 -- - 80

69 29.1 0 0 80

Schedule: Minutes Solids, g/Wratn FeelI
ods20

30-45 0.2 0 20
45-55 0.15 0 15
55-66 0.10 0 10
66-69 0 0 20

1 0 0 . . ... . . .. . . . . . . . . . . . . . . ....

0 20 40 60 80 100 120
Test time, minutes
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TABLE 160. SINGLE-ELEMENT LOOP TEST NO. 300A
Date: 15 May 1969;

Loop no. 3(A1/SS) Housing: 8" I D Aluminum
Element: Bowser, Part No. A-1389-4 new
Canister: DoD Type 1

Procedure no. Special Fuel flow, gpm 20
Water: Filtered T3p Water Fuel inlet temperature, OF 80
Solids: MIL-G-6032 grease Fuel inlet pressure, psi 70

(Royal Lubricants Co.)

Water injection schedule: 0.002 gpm from 60 to 90 min, then
0.2 gpm from 90 to 150 min.

Solids injection schedule: Approximately 0.51 g/min from 30 min to 60 min,
then approximately 1.02 g/min from 120 min to 150 min.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 15 May 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor None lb/Mbbl, , Lot

Test duration, min 152 Calculated dirt lo ding, g 46
Fucl throughput, gal 3040a Actual element weight galn, g 45
Average rate, gpm 2 0 a

Time 0 Min End Test
Meter reading, gal
Screen AP, psi 2
Cleanup AP, psi 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 98 95 95
IFT, distilled water, dyn/cm 44.7 45.7 45.3

Analyses on injection water:
Time Post-Test
Solids, mg/liter Neg.
pH 7.6
ST, dyn/cm 71.4

a. Approximate values; Brodie meter inoperative.
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TABLE 160,SINGLE-ELEMENT LOOP TEST NO. 300A (Cont'd)

Schedule: Minutes Water, gm Solids, g/min

First period 0-9 - -7 0.

0-90 0.002 0
90-120 0.2 0
120-15C 0.2 10
150-152 0 0

20 14o 4060010

T11t time Hiue

ia-PProxi~rAae.
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TABLE 160. SINGLE-ELEMENT LOOP TEST NO. 300A.(Cont'd)

Fuel Contaminant
flow injection rate Effluent, Mg/liter

Time, rate, Water ^P Totamitor Free
min. gpm _• Grease 7 I Effl Solids WLtter *F

0 20 0 0 4.4 0 0 --- 80
5 20 0 0 4.6 o 0 a 0 80

10 20 D 0 4.5 0 0 --- 0 80 a
15 20 0 0 4A4 0 0 --- ... 80
20 20 0 0 4.4 0 0 --. 80
25 20 0 0 4.4 0 0 --- 80
10 20 0 b 4.4 0 0 --- 80
35 20 0 b 4.8 0 0 0.83 0 80
40 20 0 b 4.4 0 0 --- 80
45 20 0 b 4.5 0 0 ... 8050 20 0 b 4.6 0 0 -- .--- 80
55 20 0 b 4.6 0 0 -- .--- 80
60 20 0.002 b 4.6 0 0 --- 80
65 20 0.002 b 4.7 0 0 0.99 4-5 80
70 20 0.002 b 4.9 0 0 --- 80
75 20 0.002 b 4.9 0 0 --- 80
80 20 0.002 b 5.0 0 0 --- --- 80
85 20 0.002 b 5.0 0 0 --- --- go
90 20 0.2 b 5.0 0 0 --- 3-4 80
95 20 0.2 b 6.2 0 0 0.171 4-5 80
100 20 0.2 b 6.3 0 0 --- 4-5 80
105 20 0.2 b 6.2 0 0 ... ... 80
110 20 0.2 b 6.4 0 0 --- 3-4 80
115 20 0.2 b 6.3 0 0 --- --- 80
120 20 0.2 c 6.5 0 0 --- 0-a
125 20 0.2 c 7.0 0 0 0.73 7- 80
130 20 0.2 c 7.0 0 0 --- 6-7 80
135 20 0.2 c 7,0 0 0 --- --- 80
14o 20 0.2 c 7.4 0 0 --- 2-3 80
145 20 0.2 c 7.4 0 0 --- --- 80
150 20 0.2 0 7.8 0 0 0.70 6-7 80
152 20 0 0 6.5 .--- --- --- 80

a. Control pad damaged by operator - invalid results.
b. Approximately 15.3 g, injected during this period.
c. Approximately 30.6 gm. injected during this period.
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TABLE 161.. SINGLE-ELEMENT LOOP TEST NO. 300B

Date: 16 May 1969

Loop no. 3(Al/SS) Housing: 8" I D Aluminum
Element: Bowser,Part No. A-1389-B 8
Canister: DoD Type 1

Procedure no. Special Fuel flow, 6prn 20
Water: Filtered Tap Water Fuel inlet temperature, "'F 80

Solids: None Fuel inlrt pressure, pri 70

Water injection schedule: 0.002 gpm from 30 to 60 mir, f: ,rst period and from
0 to 30 min of second period and 0.2 gpm from 60 to 90 min of seconi
period.

Solids injection schedule: None

Test fuel JP-5 batch no. 24 reused
Date blended with additives: 16 May 1969
Anti-icing additive 0 15 vol %, Dow, Lot 02268 16
Corrosion inhibitor None lb/Mbbl, , Lot

Test duration, min 93 Calculated dirt loading, g
Fuel throughput, gal 186o b Actual element weight gain, g20 b
Average rate, gpm

Time 0 Min End Test
Meter reading, gal
Screen AP, psi 2 2

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water c 92 97
IFT, distilled water, dyn/cm c42.9 39.6

Analyses on i:.,ection water:
Time Pos t-Test
Solids, mg/liter 0.7
pH 7.8
ST, dyn/cm 70.6

a. Same element as used in Test 390A
b. Approximate values; Brodie meter inoperable.
c. No clay treatment performed.
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TABLE 161. SINGLE-ELEMENT LOOP TEST NO. 300B (Cont'd)

Time, &P, Totamitor Effluent, mg/liter _ Influent fael
min psi Infa EffW Solids Free water temperature, F

0 5.5 0 0 2-3 80
10 5.5 0 0 Neg 4-5 80
20 5.5 0 0 7-8 80
30 5.5 0 0 5-6 8040 6.1 3 0 0.34 14-1.5 80
50 6.3 3 0 14-15 80

86. 3 0 14-15 80
70 6.2 2 0 Neg 10-11 80so 6.14 0 15-16 80
go 5.9 4 0 8-9 80

0 ---..--. 9-10• ---

80 6.4 2 0 0.28 15-16 80
280 6.4 0 13-14 80
30 6.4 pr o 9-03 80
40 6.2 3 0 9-10 80
50 6.2 0 8-9 80
63 60o -0 6-7 8070 7.6 5 0 10-11 80
80 7.6 5 0 7-8 80
go 7.6 5 0 18-19 80

0 7. 2 5 60 80

Schedule: Minutes Water, gpm Solids, g/iinFirst period 0-30 0 0 =•
30-6o 0. 002 0
60-90 0 0

Second period 0-30 0.002 0
30 -6c 0 0

0 0.22

0 I i 40 6 80 10 1i0
Test time, minutes
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TABLE 162. SINGLE-ELEMENT LOOP TEST NO. 300C
Date: 19 May 1969

Loop no. 3(Al/SS) Housing: 8" ! D Aluminum
Element: Bowser, Part No. A- 13 89 -Ba

Canister: DoD Type

Procedure no. Speci?' Fuel flow, gpm 20
Nater: Filtered Tap hý ter Fuel inlet temperature, *F 80
Solids: None Fuel inlet pressure, psi 70

Water injection schedule: 0.2 gpm from 150 to 180 min.

Solids injection schedule: None

Test fuel JP-5 batch no. 24 , reused
Date blended with additives: 19 May 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor None lb/Mbbl, , Lot

Test duration, min 241 Calculated dirt loading, g
Fuel throughput, gal 48 2 0b Actual element weight gain, g
Average rate, gpm A ei n

Time 0 Min Fnd Test

Meter reading, gal
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on inauent fuel:
Time Post Clay Filter Pre-Test Pcst..Tegt
WSIM, distilled wate: C 91 97
IFT, distilled water, dyn/cm c 41.7 43.1

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0.0
pH
ST, dyn/cm 71.5

a. Same element as used in Tests 300A and 300B.
b.Approximate values; Brodie meter inoperable.

c. No clay treatme:nt performed.
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TABLE 162. SINGJLE-CLEMENT LOOP TEST NO. 300C (Cont'd)

Time, &P, Totamitor Effluent. fij/iter_ Influent fuel
min mUnh Effl sollel Fre. water temnzptvre.F

0 5.6 0 0 .. 80
20 5.7 0 0 0.13 10-11 80

0 5.7 0 0 --- 9-10 80

3•05 o o --- 15-16 80
0 5.6 8 0 10. io-11. 80

90 5.6 3 0 --- 7-8 80
120 5.6 4 0 ... 9-10 80
150 5.6 3 0 --- 9-10 80

S.3 3 0 --- 1 14 8)165 7 ' 3 0 --- 14 15 &)•
7A 3 0 0.08 10-11 80

170 7.5 3 0 --- 10-11 80
175 7.5 3 0 --- 11-12 80
180 7.8 3 0 --- 11-12 80
181 0.0 3 0 ---... 80
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TABLE 162. SINGLE -ELEMENT LOOP TEST NO. 300C (Cont'd)

Schedule: Miue Wtr Zw Sois, /min

First period 0-60 0 0
Second period 0-150 0 0

150-180 0.2 0
180-181 0 0

120 14o 160 180

-Jim

02- 40 60 s0 100 120
Teat time, minutes

100

10 204 6 010 2

Teat time, minutes

285



TABLE 163. SINGLE-ELEMENT LOOP TZST NO. 300D
Date: 20 May 1969

Loop no. 3(Al/SS) Housing: 8" I D Aluminum
Element: rowser, Part No. A-1389-Ba
Canister: DoD Type 1

Procedure no. Special Fuel flow, gpm "Varied
Water: Filtered Tap Water Fuel inlet tempearature, *F 80
Solids. 1one Fuel inlet pressure, psi 70

Water iip.ection schedule: 0.2 gpm from 60 to 90 min.

Solids injection schedule: None

Test fuel JP-5 botch no. 24 , reused
Date blkndo.1 with odlitives:
Anti-icing aiditive 0.04 vol %, Dow, Lot
Corrosion irl ibitor None lb/Mbbl, ,Lot

Test duration, mrin m Calculated dirt loading, g
Fli,, throlghput, gal 21.b Actual element weight gain, g
Average r.tte, gprn Varied

Time 0 Min End Test
Meter reading, gal 2 2
Screen AP, psi
Cleanup AP, psi

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water c 91 98
IFT, distilled water, dyn/cm C 43.4 43.7

Analyt.es on injection water:
Time Post-Test
Solids, mrg/liter 0.0
pH 7.5
ST, dyn/cm 72.0

a. Same element as used in Tests 300A, 300B, and 300C.
h.AApproximate value; Brodie meter inoperable.
c(.No clAy treatment performed.
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TABLE 163. SINGLE .ELEMENT LOOP TEST NO. 300D (Cont'd)

Time, AP. ,T•,tor Effluent, mg/liter influent fuel

min MLI -nt -ff 32-1ik XT -wtraao

0_ 6u 0if --l-d Soee w
5 o o80

"10 10o.8 0 0 -

"A5 10.8 0 0 0.10 11-12 80

20 10.5 0 0 so

25 1o.4 0 0 80

30 10o3 0 0 13-1 s o

5° 6.2 0 0o8
5 6.1 0 8045 6.1 0 W e& 9-1o so

50 6.1 5 0 80

55 6.1 5 0 --- 80

6o 6.1 5 0 7-8 80

65 7.T 4 0 18-19 80

70 7.6 4 0 80

7.6 4 0 0.15 6-7 80

7.6 4 0 ---

85 7.6 4 0 17-18 so

90 7.8 4 0 7-8 80

92 6.9 0 0 80

Schedule: Mintate. Water, pixn S /oidn, p/m'i Ft__

- 0 0 30
0-00 0 20

0-90 0.2 0 20
90-92-0 0 20

TTI

za t0 1,0 O 100 t
1

o
ZO 40Test time. nmtnute#



TABLE 164. SINGLE-ELEMENT LOOP TEST NO. 301
Date: 21 May 1969

Loop no. 3(AL/SS) Housing: 8" I D Aluminum
Element: Bowser, Part A-1389-Ba
Canister: DoD Type 1

Proredure no. Special Fuel flow, gpm 20,
Water: Filt-ered Tap Water Fuel Wnet temperature, *F 80
Solids: Walworth N:). I plug Fuci Wlet pressure, psi 70

valve sealant

W~ter injection schedule: 0.002 gpm from 60 to 90 min, 0.2 gpm from
90 to" 105 min.

Solids injection schedule: Approximately 57 gm injected during period
from 30 to 60 min.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 21 Miy 1969
Anti-icing additive 0.15 vol If, Dow, Lot 02268 16

Corrosion inhibitor None lb/Mbbl, , Lot

Test duration, min 106 Calculated dirt loading, g 57
Fuel througlhput, gal 2 12 0 b Actual element weight gain, g 48
Average rate, gpm

Time 0 Min End Test
Meter reading, gal .-_
Screen AP, psi 2 2
Cleanup AP. psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 100 95 96
IFT, distilled water, dyn/cm 46.3 46.3 43.3

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0.0
pH 7.5
ST, dyn/cm 69.5

a. Used element from Andrews AFB. Element had been soaked in
isopropanol for over 24 hours and then dried before test.

b.Appioximate values; Brodie meter inoperable.
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TABLE 164. SINGLE-ELEMENT LOOP TEST NO. 301 (Cont'd)

Time, AP, Totamitor Effluent, mi/liter Influent fuel
mrin pii In Effi Solids Free water temDnrature. F

0 6.2 0 0 0 80
15 6.5 0 0 0 60
30 6.5 0 0 0 80
45 6.5 C 0 Neg 0-1 80
60 6.5 0 0 0 80
75 6.9 0 5 20+ 80
90 7.1 0 5 20+ 80
95 8.3 0 30 20+-L+ 80

100 8.8 0 30 20+. 80
105 8.9 0 30 20+-+ 80
1o6 8.5 0 7 --- 80

Schedule: Minutes Water, gpm Solids, gd,/min Fuel, gpm
0-30 0 0 20

30-60 0. 1. 9a 20
" 60-90 0.002 0 20

90-105 0.2 0 20
105-106 0 0 20

a. Approximate
100 • i , ;, • ,;,; ,| I;• ,. ,, •,.! .. .. . . .. ... . . .. •. .' ,,• , ,|•

.|1 ~ ~ ~ 11 11I;I 1 I II I l I sl l I I I I s| it.r Jll ii 11 1 1iIi il

0 20 40 60 80 100 120
Test time, minutes
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TABLE 165. SINGLE-ELEMENT LOOP TEST NO. 302
Date: ZZ May 1969

Loop no. 3(Al/SS) Housing: 8" I D Aluminum
Element: Bowser, Part. No. A-1389-B
Canister: DoD Type 1

Procedure no. Special Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Walworth No. 1 Plug valve Fuel inlet pressure, psi 70

sealant.
Water injection schedule: 0.002 gpm from 60 to 90 min, 0.2 gpm from

90 to 120 min.

Solids injection schedule: Approximately 75 gm injected during period
from 30 to 60 min.

Test fuel JP-5 batch no. 24 , reused
Date blended with additives: 22 May 1969
Anti-icing additive 0. 15 vol f, Dow, Lot 02268 16
Corrosion inhibitor None lb/Mbbl, , Lot

Test duration, mrin 121 Calculated dirt loading, g 75
Fuel throughput, gal 2 4 2 0 a Actual element weight gain, g 110
Average rate, gpm 2 0 a

Time 0 Min End Test
Meter reading, gal -.----

Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyees on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, dictilled water b N 93
IFT, distilled water, dyn/cm b 2.3 38.5

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0.9
pH
ST, dyn/cm 71.6

a. Approximate value; Brodie meter inoperable.
b. No clay treatment performed.
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TABLE 165. SINGLE-ELEMENT LOOP TEST NO. 302 (Cont'd)

Time, AP, Totamitor Effluent, mg/liter Influent fuel
min I In_..lf Effl Solids Free water temperature." F

o 4.5 0 0 0 80
15 4.5 0 0 0 80

0 4.5 0 0 0 80
5 4.5 0 0 Neg 0 80

60 4.5 0 0 0 80
75 4.6 0 0 3-4 80
90 4.9 0 0 3.-4 80
95 5.1 0 0 3-4 80

105 6.1 0 0 0.14 3-4 80
120 6.1 0 0 3-4 80
121 5.6 0 0 80

Schedule: Minutes Water, gpm Solids, g/min Fuel, gpm
0-30 0 0 20

g o-6o 0 2 . 5a 20
o-0o 0.002 0 20

90-120 0.2 0 20'
120-121 0 0 20

a. Approximate

.0

0 10 40 60 so 100 120
Test time, minutes
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TABLE 166. SINGLE-ELEMENT LOOP TEST NO. 303A

Date: Z3 May 1969

Loop no. 3(AI/SS) Housing: 8" I D Aluminum
Element: Bowser, A-1389-B
Canister: DoD Type 1

Procedure no. Special .fuel flow, gpm 20
Water: Filtered Tap W-nter Fuel inlet temperature, "F 80
ýolids: Cgarse AC Dust Fuel inlet prensure, psi 70

Water injection schedule: 0,002 gpm from 105 to 135 min, 0.2 gpm
from 135 min to 165 min.

Solids injection schedule:a 5.72 g/min from 65 to 70 min.

"Test fuel JP-5 batch no. 24 , reused
Date blended with additives:
Anti-icing additive None vol %, Dow, Lot
Corrosion inhibitor None lb/Mbbl, , LAt

Test duration, min 226 Calculated dirt loading, g
Fuel throughput, gal 4 5 2 0 b Actual element weight gain, g
Average rate, gpm 2 0b

Time 0 Min End Test
Meter reading, gal 2..
Screen AP, psi 2 2

SCleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water c 90 97
IFT, distilled water, dyn/cm c 38.0 37.2

Analyses on injection water:
Time P~st-Test
Solids, mg/liter 0.0
pH ---
ST, dyn/cm 71.7

a. Glycf.rol was also" in7Fe-t-•d at a rate of 66 mi/mmn during
the period from 15 to 75 min.

b. Approximate values; Brodie meter inoperable.
C. No clay treatment performed.
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TABLE 166. SINGLE-ELEMENT LOOP TEST NO. 303 (Cont'd)

Time, A, Totamitor Effluent, mg/liter Infl!-ent fuel
mrin Po Infl Effl S-.lids Free water temperature° F

0 4.3 0 0 80K 5 4.2, 0 0 0- 80
10 4.2 0 0 o.14 80
15 I. 2 0 0 0-1 80K 20 4.8 a 0 80
3o 8.4 9 o 0 80
40 10.5 a 0 80
45 11.5 a o o.65 0 80
60 12.5 5 0 0 80
65 12.1 a 0 80
70 15.1 a 0 0.73 0 80
75 19.2 a 0 0 80
80 12.4 a o 80
90 lO.6 0 0 80

105 9.5 0 0 0 80
120 9.8 0 0 0 80
135 9.8 0 0 0-1 80
14o 10.5 0 0 4-5 80
150 lO.6 0 0 0.09 5-6 80
165 10.2 0 0 80
166 9.2 0 0 80
0 --- 0 80

10 7.3 0 0 80
20 6.4 0 0 80
30 5.9 0 0 80
40 5.7 0 0 80
50 5.6 0 0 80
60 5.4 0 0 80

Schedule: Minutes Water, gpm Solids g/min Fuel0gPm
First period 0-150 0

15-65 0 b 20
65-70 0 5 .7 2b 20
70-75 0 b C0
75-105 0 0 20

105-135 0.002 0 20
135-165 0.2 0 20
165-166 0 0 20

Second period 0-60 0 0 20

a. No reading taken; Totamitor downstream from glycerin injection port.
b. Glycerol injected at 66 ml/min.

293



TABLE 166. SINGLE-ELEMENT LOOP TEST NO- 303A(Cont'd)

tooo

o FiF pIio

0 Fisecnt period

0 20 ý40 60 80 100 120
Test time, minutes



TABLE 167. SINGLE-ELEMENT LOOP TEST NO. 303B
Date: 27 May 1968

Loon no. 3(Al/SS) Housing: 8" I D Aluminum
Element: Bowser, A-1389-Ba
Canister: DOD Type 1

Procedure no. Special Fuel flow, gpm 20
Water: Filtered Tp Water Fuel inlet temperature, *F 80
Solids: Coaroe AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.2 gpm from 30 to 60 min of second period.

b
Solids injection schedule: 5.72 g/min from 30 to 75 min of first period

and from 0 to 10 min of second period.

Test fuel JP-5 batch no. 24 reused
Date blended with additives:
Anti-icing additive None vol Jo, Dow, Lot
Corrosion inhibitor None lb/Mbbl, ,Lot

Test duratior, min 135 Calculated dirt loading, g 314
Fuel throughput, gal 2 7 0 0 C Actual element weight gain, g
Average rate, gpm

Time 0 Min End Test
Meter reading, gal -.----

Screen AP, psi 2 2
Cleanup AP, psi 1 0

Analyses on influent fuel:

Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water d 97 5
IFT, distilled water, dyn/cm d 39.8?0.1

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0.30
pH
ST, dyn/cm 72.4

a. Same element as used 'n Test 303A.
b. Glycerol wab also injected at a rate of 133 ml/mmn from

25 to 30 min of second period.
c. Approxi.mate values: Brodie meter inoperable.
d. No clay treatment performed.



TABLE 167. SINGLE-ELEMENT LOOP TEST NO. 303B (Cont'd)

rime, AP. Totamitor Effluent. mg/liter Influent fuel
min psi Infl Effi Solids Free water temperature,0 F

0 5.5 0 0 0-1 80
15 5.6 0 0 0.03 0-1 80
30 5.5 0 0 0-1 800 o ---

o 0 --- 80
45 7.9 0 0 0-1 80
50 9.1 0 0 --- 80
55 10.0 0 0 --- 80
60 10.8 o 0 --- 80
65 12.0 0 0 --- 80
70 1 3.0 0 0 --- 80
75 11 .6 0 0o 80

0 -.-..- 0 --- 80
5 16.5 0 0 --- 80

10 20.0 2 0 o.16 0-1 78
15 21.1 0 0 --- 80
20 21.4 0 0 --- 78
25 20.9 7 0 --- 80
30 25.5 7 0 1-2 80
35 24.4 1 0 --- 6040 21.4 0 0 --- 78
45 24.6 0 0 0.10 5-6 78
50 24.6 0 0 --- 80
55 24.6 0 0 --- 80
60 24.6 0 0 6-7 80
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TABLE 167. SINGLE- ELEMENT LOOP TEST No.303B (Cont'd)

Schedule: Minutes Water,_gp.m Solids, &/min

First period 0-30 0 0
30-75 0 5.72

Second period 0-10 0 5.72
10-25 0 0
25-30 0 a
30-60 0.2 0

a.- Glycerol injected at a rate of 133 mll/rinr.

0.

L

Test t~ime, miinutes



TABLE 168. SINGLE-ELEMENT LOOP TEST NO. 304
Date: 11 June 1969

Loop no. 3 (AI/SS) Housing: 8" I.D. Alumin•.
Element: Filters Inc, 1-4208 Lot 465
Canister: DoD Type I

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inWet temperature. OF 80
Solids: Coarse AU Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
diAs'ontinue 15 min; then 5.72 g/min to end of test,

Test fuel JP-5 batch no. 24 fresh clay treated

Date blended with additives: II June 1969
Anti-icing additive 0.15 vol S. Dow, Lot 02268 lb
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 Lot 24794

Test duration, min 31 Calculated dirt loading, g 172
Fuel throughput, gal 619 Actual element weight gain, g 162
Average rate, gprn 19.9

Time 0 min End Test
Meter reading, gal 303 922
Screen AP, psi 2 2

Cleanup 4P, psi 0 1

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test

WSLM, distilled watotr 100 46 54

IFT, distilled water, dyn/cm 48.6 26.5 26.5

Analyses on injection water:
Time Post-test
Solids, mg/liter 0.1
pH 7.3
ST, dyn/cm 71.7



TABLE 168. SINGLE-ELEMENT LOOP TEST NO. 304 (Cont'd)

Time, AiP, T -tamitor Effluent, Mg/liter Influent fuel

mini Pat Imu Effi Solids Free water temiierature.F

0 3.0 0 0 80
5 3.1 0 0 Neg 19-20 80
103.1 0 0 80

1 .50 0 80
20 .0 0 0 80
25 5.1 0 0 80

Totamitor peaked at 100+ after 40 psi.

Schedule: Miue Wae,~ Solids, &/min

0-30 0.002 5.72
30-31 0.2

.0.

07

Ttst time*. misat to



TABLE 169. SINGLE-ELEMENT LOOP TEST NO. 305
Date: 12 June 1969

Loop no. 3(A!/SS) Housing: 8"I D Aluminum
Element: Bowser, Part No. A-1389-B
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, 6F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then 0.2 gpm
to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives- 12 June 1969
Anti-icir., additive 0.35 rol ,%, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 45 Calculated dirt loading, g 234
Fuel throughput, gal 889 Actual elerment weight gain, g 223
Average rate, gpm 19.8

Time 0 min End Test
Meter reading, gal 301 1190
Scre,-.n AP, psi 2 2

Cleanup AP, psi 1 1

Analyses on influent fueh:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 90 65 68
IFT, distilled water, dyn/cm 45.5 24.9 25,,

Analyues on injection water:
Time Post-Test
Solids, mg/liter Neg
pH 71.7
ST, dyn/cm 7.5
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TABLE 169. SINGLE~-ELEMENT LOOP TEST NO. 305 (Cont'd)

Time, Aep, Totarifitor Effluent, Mg/liter Influent fuel
mini Psi fr~fl Effi Solids Free water teMverature2'F

0 4. 1 0 0 80
5 4.5 0 0 Neg 17-18 80

10 5.0 0 1 80
12 6.o 0 2 18-20 8o
15 6.7 0 1 80
20 7. 9 0 0 8o
21 -.3 0 0 17-18 8o
25 9.5 0 0 16-r17 8o
30 10.5 0 0 8o

512.6 0 0 80
019.0 0 0 80

4i 20.0 0 1Neg 19-20 80

Schedule: Minutes W-ate r, gp Solids, 1mmn
o-41 0.002 5.72

41-45 0.2

If

0 20 40 60 8012
Test time, minutes
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TABLE 170. SINGLE-ELEMENT LOOP TEST NO, 306
Date: 16 June 1969

Loop no. 3(A1/SS) Housing: 8" I D Aluminum
Element: Bendix, Part No. 045800-04
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, OF 80
Solids: Coarse AC Dust Fuel Inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min toend of test.

Test fuel JP.5 batch no. 24 , reused) clay treated
Date blended with additives: lb June 1969
Anti--icing additive 0.15 vol %, Dow, Lot 02268 le
Corrosion inribitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 34 Calculated dirt loading, g 160
Fuel throughput, gal 679 Actual element weight gain, g 161
Average rate, gpm 19.9

Time 0 min End Test
Meter reading, gal 306 985
Screen AP, psi 2 2
Cleanup AP, psi 0 1

Analyses on influent fuel: Post Clay Filter Pre-test Post-test
Time
WSIM, distilled water 98 72 60
IFT, distilled water, dyn/cm 47.4 26.2 27.5

Analyses on injection water:
Time Post-test
Solids, mg/liter Neg
pH 7.5
ST, dyn/cm 70.9
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TABLE 170. SINGLE-ELEMENT LOOP TEST NO. 306 (Cont'd)

Time, AP, Totamitor Effluent, mjl/liter Influent fuel
min psi Infl Effli Solids' Free water ternperatur a, 0 F

0 3.5 0 0 80
5 3.8 0 2 0.6 3-4 80
7 .9 0 1 80

10 43 0 1 5-6 80
*15 5.b 0 0 80

20 9.5 0 0 80
25 15.2 0 0 80
28 20.0 0 0 Neg iC-il 80

33 9.4 0 38 0.60 20+ 80
340.0 0 44 0.70 20+ 80

Schedule: Minutes Water, gpm. Solids, g/min

0-28 0.002 5.72
28-34 0.2

too

10 - 1O

Test $tme, minutes
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TABLE 171. SINGLE-EL,:MENT LOOP TEST NO. 307
Date: 17 June 1969

Loop no. 3 (AI/SS) Housing: 8:' I D Aluminum
Elfment: Fram, Lot 14 DoD Type
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered TapWater Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, pei 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with add'tives: 16 June 1969
Anti-icing additive 0.15 vol lo, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 32 Calculated dirt loading, g 149
Fuel throughput, gal 640 Actual element weight gain, g 128
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 300 940

Screen AP, psi 2 2

Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test

WSIM, distilled water 98 54 66
IFT, distilled water, dyn/cm 45.1 25.6 26.0

Analyses on injection water:
Time Post-test
Solids, mg/liter 0.4

VH 7.8
ST, dyn/cm 71.1
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TABLE 171. SINGLE-ELEMENT LOOP TEST NO. 307 (Cont'd)

Time, AP, Totamitor Effluent, mg/liter Influent fuel
min k n ffl old Free water ~ u e

0 4.1 8& 80
5 4.8 6 1 0.12 10-11 80

10 5.5 3 1 8o
15 8.2 2 0 10-11 80
20 12.5 1 1 8o
25 17.7 1 2 80
26 20.0 1 2 0.53 20+ 80
31 37.8 1 100+ 0.58 20+41+ 80
32 40.0 1 100+ 1.i4 20+++ 80
33 44.2 1 100+ 80
36 34.3 1 100+ 80

a. Influent Totamitor vieadings of doubtful accuracy due to omission
of usual calibration procedure.

Schedule: Minutes Water, gpm Solids, g/min

0-26 0,002 5.72
26-32 0.2--

10

Test time, minutes
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TABLE 17Z. SINGLE-ELEMENT LOOP TEST NO. 308

Date: 18 June 1969

Loop no. 3(Al/SS) Housing: 8" I D Aluminum
Element: Filterm Inc, 1-4208 Lot465
Canister: DoD Type 1

Tccedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gp, to end of test,

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 17 June 1969
Anti-icing additive 0.15 vol %, Dow, L. 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 37 Calculated dirt loading, g 210
Fuel throughput, gal 745 Actual element weight gain, g 206
Average rate, gpm 20.1

Time 0 min End Test
Meter reading, gal 397 1142
Screen AP, psi 2 2

Cleanup 4P, psi 2 0

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test
WSIM, distilled water 96 78 68
IFT, distilled water, dyin/cm 44.1 26.0 26.0

Analyses on injection wate-:
Time Post-test
Solids, mg/liter 0.0
PH 7.8
ST, dyn/cm 71.1
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TABLE; 172. SlNGLE.E;LEMENT LOOP TEST NO. 308 (Cont'd)

Time, AP, Totamitor Effluent, -M,/lite-r Influent mlel,

mmps Iii, Efi Sol1ids Free water tem~gr#,t21e,*F

0 3.4e0 
80

3.5 0 0 eg17-18 
80

10 1. 0 0 7- 8 80
r15 4.3 0 0 8

20 4.7 0 0 8o
25 5.3 0 0 8

30 7.1 0 0 80

35 9.5 0 0 11680

36.75 20.0 0 0 0131 5-680
40.n 0 

8

350+ 0 100+ 
8

Schedule, Minute 6 Water, appr S-olids, /rndin

0-36-75 0.002 5.72
36.73-38 0.2--

TesTi ?IFE= mluitI
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TABLE 173. SINGLE-ELEMENT LOOP TEST NO. 309
Date: 19 June 1969

Loop no. 3(AI/SS) Housing: 8" I D Aluminum
Element: Bowser, Part No. A-1389-B
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust I,'uel inlet pressure, psi 70

Water injection schedule. 0.002 gpm from 0 nmn to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch ne. 24 , reused, clay treated
Date blended with additives: 18 June 1969
Anti-icing additive 0,15 vol %, Duw, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, rain 46 Calculated lirt loading, g 200
Fuel throughput, gal 914 Actual element weight gain, g 194
Average rate, gpm 19.8

Time 0 min End Test
Meter reading, gal 299 1213
Screen AP, psi 2 2
Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test
WSIM, distilled water 97 72 71
IFT, distilled water, dyn/cm 43.4 25.4 26.5

Analyses on injection water:
Time Post-test
Solids, mg/liter 0.3
pH 7.5
ST, dyn/cm 71.8

}08



TABLE 173. SINGLE-ELEMENT LOOP TEST NO. 309 (Cont'd)

Time, &P, 'Votamitor Effluent, mxg/litev Influient fuel
min 2!i_ Infl -Effi Solids Free water ternpe ature *F

0 4. 0 0 80
5 5.4 0 0 Neg 7- 8 80

10 .2 0 0 80
15 ;.-4 0 0 80
20 10.7 0 0 80
25 11.7 0 0 80
30 15.0 0 0 80
4520.0 0 0 0.05 18-19 80
028.7 0 100+ 0.81 20-i---i 80I45 180 0 100+ 20+++ 80
45. C.0 0 100+ 0.72 204+-H 80

46 40.5 0 L1C+ 80
49 35.0 0 100+

Schedule: Minutes Wa ter, gpmn Solids, g/min

35-r 5-5 0.2  5.-2

0 20 40 60 an 100 tao
Tist time. minutes



TABLE 174, SINGLE-ELEMENT LOOP TEST NO. 310
Date: 23 June 196Q

Loop no. 3(A1/SS) Housing: 8" I D Aluminum

Element: Filters Inc a

Canister: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water F._el inlet temperature, F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to And of test.

Solids injection schedule: 5.72 g/min fro'm 0 min to 2C psi, then
discontir.ue 15 min, then 5.72 g/min
to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 23 June 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, r.in 39 Calculated dirt loading, g 217
Fuel throughpuit, gal 775 Actual element weight gain, g 210
Average rate, gpm 19.9

Time 0 min End Test
Meter reading, gal 300 1075
Screen 6P, psi 2 2
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test
WSIM, distilled water 98 78 75
1'.T, distilled water, dyn/cm 39.4 25.8 26.7

Analyses on injection water:
Time Post-test
Solids, mg/liter 0.9
pH 7.7
ST, dyn/cm 70.8

a. K'overnment Standard Elements DSA 700-68-C-B526•
Filters inc, Part No. 1-4208, manufactured 10-b8.
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TABLE 174. SINGLE-ELEMENT LOOP TEST NO. 310 (Cont'd)

Time, A Totamitor Effluent, Mg/liter _ influent fuel
min pli_ In Effi Slids. Free water temperature..

0 5.0 0 0 Neg 1--18 80
5 55 0 0 10-11 80*10 N. 0 0 80

15 5.6 0 0 80
*20 6.4 0 0 80

35 12.9 0 0 e38 20.0 0 0 1.4)4 16-1.78
411,0 Neg 20+ 80

050+ 0 180
43 418.3 0 0 so

Schedule: Minutes W ate sp-an Slds~ji/in

0-38 0.002 5.72
38.-39 0.2--

I

0~~0 1o4 6 oto o
Test time. minutes



TABLE 175. SiNGLE-ELEMENT LOOP TEST NO. 311
Date: 24 June 1969

Loop no. 3(AI/SS) Housing: 8" I D Alwnlnum
Element: Filters Irc
Canister: DoD Type 1

Procedure no. 13-A Fael flow, gpm 20

Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids -njection schedule: 5.72 g/min from 0 min to 20 psi. then
discontinue 15 min, then 5.72 g/min to end

of test.

Test fuel JP-5 batch bo. 24 , reused, clay treated
Date blended with additives: 23 June 1969
Anti-icing additive 0.15 vol To, Dow, Lot 02268 16
Corrosion inh- oitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 33 Calculated dirt luading, g 183
Fuel throughput, gal t60 Actual element weight gain, g 184
Average rate, gprn 20.0

Time 0 m~n End Test

Meter readigs, 300 960
Screen AP, psi 2 2

Cleanup AP, psi 0

Analyses on influent fuel:
Time rost Clay Filter ie-test Post-teet
WSIM, distilled water 99 79 73
IFT, distilled water, dvn/crn 34.7 22.9 23.8

Analyses on injection water:
Time Post-test
Solids, mg/liter 0.0
pH 7.7
ST, dyn/cm 70.6

a. coverr,-,ent Standard Elements, DSA 700-68-C-B526
F-.iters Inc, Pt:t No. -4208., manufactured l0-66.

J5-
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TABLE 175. SINGLE-ELEMENT LOOP TEST NO. 311 (Cont'd)I
Time, AP, Totamitor Effluent, mg/liter Influent fuel
mm pal mu Effi Solids Tree water temperature.'F

.0 4.4 0 0 80
5 0 0 0.22 10-11 8015 fl0 0 80

I.

40.0
47.5

37 47.5 80

Schedule: Minutes \ atergprn Solids, g/rnin

0-32 0.002 5.72
32-33 0.2

6

4

I
0 20 40 60 80 100 120

Teat time, minutes
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TABLE 176. SINGLE-ELEMENT LOOP TEST NO. 312
Date: 25 June 1969

Loop no- 3(A1/SS) Housing: 8" I D Aluminum
Element: Filters Tnc
Canister: DoD Type 1

Procedure no. 13-A Fuel flow, 4pm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 min to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to
end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 24 June 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 38 Calculated dirt loading, g 212
Fuel throughput, gal 760 Actual element weight gain, g 209
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 299 1059
Screen AP, psi 2 2
Cleanup AP, psi 0 2

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test
WSIM. distilled water 96 72 84
IFT, distilled water, dyn/cm 34.3 23.4 24..0

Analyses on injeclion water:
Time Post-test
Solids, mg/liter 0.2
pH 7.7
ST, dyn/cm 70.8

a. Government standard elements, DSA 700-68-C-B526.
Filters Inc, part No. 1-4208, manufactured 10-6
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TABLE 176. SINGLE-ELEMENT LOOP TEST NO. 312 (Cont'd)

Time, 4P, Totamitor .Effluent, mg/liter Influent fuel
min psi Ifl Effl Solid.s Free water te.averaturie." F

0 4. 0 No 80S5 4. 0 0 Neg 5- 6 80
10 5.2 0 0 80
15 5.5 0 0 8020 6.2 0 0 80
25 8.0 0 0 80
30 11.1 0 0 80
35 17.5 0 0 80
37 20.0 0 0 Neg 19-20 80
38 40.0 0 8 Neg 20+ 80
g47.0 0 17 8047.0 0 1 80

Schedule: Minutes Water, gpm Solids, g/rain

0-37 0.002 5.72
37-38 0.2 ---

04

0 210 40 60 80 100, 120
TCL't time, minutes



TABLE 177. SINGLE-ELEMENT LOOP TEST NO. 313
Date: Z6 June 1969

Loop no. 3(AI/SS) Housing: 8" I D A.umi num
Element: Filters inc
Canista-: DoD Type 1

Procedure no. 13-A Fuel flow, gpm 20
Water: Filtered Tap Water Ftel inlet temperature, *F 80
Solids: Coarse AC Dust Fuel inlet pressure, psi 70

Water injection schedule: 0.002 gpm from 0 mnn to 20 psi, then
0.2 gpm to end of test.

Solids injection schedule: 5.72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g/min to end of
test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended witi- additives: 25 June 1969
Anti-icing additive 0.15 vol %, Dow, Lot 02268 16
Corrosion inhibitor 20 lb/MbIA, Lubrizcl 541 , Lot 24794

Test duration, min 4c Calculated dirt loading, g 229
Fael throughput, gal 810 Actual element weight gain, g 230
Average rate, gpm 20.2

Time 0 mim End Test
Meter reading, gal 300 1110
Screen AP, psi 2 2
Cleanup AP, psi C 0

Analyses on influent fuel:
Time Post Clay Filter Pre-test Post-test
WSLM, distilled water 96 68 73
IFT, distilled water, dyn/cm 32.0 23.4 24.5

Analyses on injection water:
Time Post-test
Solids, mg/liter 0.1
pH 7.8
ST, dyn/cnm 72.0

a. Government standard elements, DSA '00 .'-C-B526
Filters Inc, nart No. 1-4208, manufactured 10-6b.
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TABLE' 177. SINGLE-ELEMENT LOOP TEST NO. 313 (Cont'd)

Time, A Totamitor Effluent, mg/liter Influent fuel
min uii Imul Effl Solids Free water teniperature.*F

0 4.9 1) 0 80
5 5.5 0 0 0.22 8- 9 80

10 5.5 0 0 80
15 5.5 0 0 80
20 6.3 0 0 80
25 7.3 0 0 80
30 9.0 0 0 80
5122.5 0 0 80
020.0 0 0 0.91 18-19 80

40.5 40.0 0 3 0.85 20++ 80
41 50+ 0 780
44 -- 0 1 80

Schedule: Minutes Water, gpm Solids, g/min

C-4o 0.002 5.72
40-40.5 0.2--

I0 401fT III [Al00l
Tell Ii e ]filte

b I II7



TABLE 170. SINGLE-ELEMENT LOOP TEST NO. 314 Date: I July 69

Loop no. 3(Al/SS) Ho'iiing: 8" ID Aluminum
Element: Bendixa, No. 69M 2814
Canister: DoD type 1

Procedure no. 8901-B (Modified) Fuel flew, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Red Iron Oxide (R..9998) Fuel inlet pressure, psi 70

Water injection schedule: 0.2 gpm from 0 min to end of test.

Sc'ids injection schedule: Z. 86 g/main from 60 min to end of test.

Test fuel JP-5 batch no. 25 fresh, clay treated
Date blended with additives: 30 June 69

Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 10 lb/Mbbl, AFA-I , Lot 199

Test duration, min 130 Calculated dirt loading, g 200

Fuel throughput, gal 2600 Actual element weight gain, g 108

Average rate, gpm Z0. 0

Time 0 min End Test

Meter reading, gal Z98 2898

Screen AP, psi z 2

Cleanup AP, psi 0 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test

WSIM, distilled water 100 82 90

IFT, distilled water, dyn/cm 44.5 25.1 Z5.9

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0. 0

pH 7.4
ST, dyn!cm 71.4

a. Sp c it'l ele. nten for red iron oxide.

PS9



TABLE 178. SINGLE-ELEMENT LOOP TEST NO. 314 (Cont'd)

Time, Ap, .Totamitor Effluent, mg/liter Influent fuel
mrin p Lnfi ]na fl Solids Free water temperature.*F

0 4.0 0 0 80
5 5.1 0 1 8o

10 5.5 0 0 80
15 5.5 0 1 16-17 80
20 5.5 0 1 16-17 80
25 5.6 0 2 80
30 5.6 0 2 16-17 80
35 5.8 0 2 80
40 5.9 0 2 80
45 5.9 0 2 17-18 80
50 5.9 0 2 80
55 5sQ9 0 2 80
60. 5.9 0 2 17-18 80
65 6.0 0 10 1.08 17-18 80
70 6.0 0 26 2.96 80
75 6.1 0 29 80
80 6.4 .0 34 5.87 17-18 80
85 6.5 0 40 80
90 6.7 0 44 10.97 17-18 80
95 7.0 0 48 80
100 8.0 0 51 15.26 18-19 80
105 8.0 - 57 80
11C 8.4 0 50 14.13 18-19 80
115 8.0 0 50 80
120 8.0 0 50 13.24 18-19 80
IZ5 8.0 0 50 80
130 8.5 0 53 16.76 18-19 80

Schedule: Minutes Water, gpm Solid, I/main

0-60 0.2 --

60-130 0.2 Z. a6

120 t40

a......... '+ ÷ .... .+K4.. ... 4.t +t I-

FTH

in 11 TT I;tt t+ne ,..... ..

+ 4 3i

0 20 40 6 0 so 1 O0 Izo

Tent timne, r'ninutes
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TABLE 179. SINGLE-ELEMENT LOOP TEST NO. 315 Date: 2 July 69

Loop no. 3(Al/SS) Housing: 3" ID Aluminum
Element: Filters Inc, 1 4208 Lot 516
Canister: DoD type I

Procedure no. 13-P Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, F 80
Solids: Ground Iron Ore Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gprn from 0 min to Z0 psi, then
0. 2 gpm to end of test.

Scids injection schedule: 5 72 g//min from 0 min to Z0 psi. then
discontinue 15 min, then 5.72 g/min to end of test.

Test fuel JP-5 batch no. Z 5 , reused, clay treated
Date blended with additives: I July 69
Anti-icing additive 0.15 vol 16, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, AFA-l , Lot 199

Test duration, min 55 Calculated dirt loading, g 297
Fuel throughput, gal a Actual element weight gain, g 289
Average rate, gpm a

T m 0 min End Test

Meter reading, gal 300 a

Screen AP, psi 2
Cleanup ZIP, oii 0

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilled water 100 79 90
IFT, distilled water, dyn/cm 46.8 21.8 21. 3

Analyses on injection water:
T imn Po t- T 'r t
Solids, mg/liter 0.0

ul" 7. 5

SI. dynicm 71.4

a. wrof .ntv'r becar-r"v moperable during Iasi part of test.

3>:)





TABLE 180. SINGLE-ELEMENT LOOP TEST NO. 316 Date: 3 July 69

Loop no. 3(AI/'SS) Hou sing: 8"1 ID Aluminum
ElemenL: Filters Inc, 1, 4208 Lot 516
Canister: DoD type 1

Procedure no. 13-P Fuel flow, gpm 20
Water: Filtered Tap WatUr Fuel inlet temperature, *F 80
Solids: Grou~nd Iron Ore Fuel inlet pressure, psi 70

IWater injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpmi to end of test

Solids injection schedule: 5, 72 g /min from 0 min to 20 psi, then
discontinuA lb min, then 5. 72 glmin
to end of test.

Test fuel JP-5 batch no. 2 5 , reused, clay treated
Date blended with additives: 2 July 69
Anti-icing additive 0. 15 Vol 16, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, AFA-l ,Lot 199

Test duration, min 56 Calculated dirt loading, g 309
Fuel throughput, gal 1118 Actual element weight gain, g 306
Average rate, gpm 19.9

Tinie 0 min End Test

Meter reading, gal 195 1513
Screen AP. psi 2 2
Cleanup AP, psi 1 0

Andlysex on influe'nt fuel:
TiePost Clay Filter Pre-Test Post-Tecst

WSIM, (iistilled water 96 84 6

IVI", diitdled water. dy'nlcm 45.4 21.2 Z1.0

Anlye 'vr% in~ectiofl waterl

till 7. 7

S dy, m'1.



TABLE 180. SINGLE-ELEMENT LOOP TEST NO. 316 (Cont'd)

Time, &P, Totam-tor Effluent, rg/liter nfluent fuel
mrin psi_ Int Effl Solids Free water temperature. F

0 4.7 0 0 80
5 5.5 0 3 0.40 5-10 80

10 5.3 0 1 5-10 80
15 5.3 0 1 80
20 5.5 0 1 80
25 5.7 0 1 80
30 6.1 0 1 80
35 6.6 0 1 80
40 7.5 0 1 80
45 9.2 0 1 80
50 12.8 0 1 80
54 Z0.u 0 2 0.57 15-16 80
56 40.0 G 8 0.41 20 80
58 46.6 0 6 80
59 42.3 0 z 80

Schedule: Minutes Waterlpm Solid3. ghzin

0 54 0.002 5.7U
54-56 0.7 --

-4 - H - 4- * -.---. -- 1-- . .} , . - I 4• 4- --.4- ,i 4- ----- 4-

... . . .. .. ..

S IcO

0oS 40 61 80 1o.. I



TABLE 181 SINGLE-ELEMENT LOOP TEST NO. 317 Date: 8 July 69

Loop no. 3(Ai/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 516

Canister: DoD typ. 1

Procedure no. 13-P Fuel flow, gpm 20

Water: Filtered -ip W-t;•r Fuel inlet temperature, OF 80

Solids: Ground iroi Ore Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 rmin to 20 psi, then
0. 2 gpm to end of test.

3clids injection schedule: 5.72 g//min from 0 min to 20 psi, then
discontinue 15 min, then 5. 72 g/min
to end of test.

Test fuel JP-5 batch no. 25 , reused, clay treated
Date blended with additives: 7 July 69
Anti-::.cing additive 0.15 vol %6, Dow, Lot 0226816

Corrosion inhibitor 16 lb/Mbbl, Sartolene C ,Lot NH 04-006

Test duration, min 72 CalcuI•'ted dirt loading, g

Fuel throughput, gal 1433 Actual element weight gain, g

Average rate, gpm 19.9

Time 0 rain End Test

Meter reading, gal 300 1733

Screen AP, psi 2 2

Cleanup AP, psi 0 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Pcst-Test

WSIM, distilled water 100 78 93

IFT, distilled water, dyn/cm 45. 28.9 35.4

Analyses ,n ifection water:
Time Post-Test

Solids, mg/liter 0.0

ST, dyn/crn 66,.4
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TABLE 181. SINGLE-ELEMENT LOOP TEST NO, 317 (Cont'd)

Time, Ap, Totamitor Effluent, mg/liter Influent fuel.
m~in- Psi Infl Effl Solids Free water ternerature, F

0 4.0 0 0 80
5 4.5 0 0 0.10 2-3 80

10 4. 5 0 0 80
15 4.7 0 0 80
20 4.9 0 0 80
25 5.4 0 0 80
30 6.0 0 0 80
35 6.8 0 0 80
40 8.0 0 0 80
45 9.9 0 0 80
50 12.8 0 0 80
55 18.2 0 0 80
56 20.0 0 0 0.15 6-7 80
61 33.0 0 1 0.6 f-9 80
66 36.5 0 1 17-18 80
71 3 8,;,5 0 1 17.18 30
72 40.0 0 1 0.08 18-19 80
73 41.6 0 1 s
7 5 35. 5 0 1 80

Schedule: Minutes Water, gm Solids. a/min

0-56 0.002 5.72
56-71 0.2 -

71-72 0.Z 5. 72

100-

10 2 0

Tts tTme minutes
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TABLE 182 . SINGLE-ELEMENT LOOP TEST NO. 318 D-te, 9 July 69

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 516
Canister: DoD type I

Procedure no. 13-P Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, 1"' 80
6olids: Ground Iron Ore Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpm to end of test.

Sc'lds injectin schedule: 5. 72 g//min from 0 min to 20 psi, then

discontinue 15 min, then 5. 72 g//min to
end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated
Date blended with additives: 8 July 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C , Lot NH 04-006

Test duration, min 76 Calculated dirt loading, g 383

Fuel throughput, gal 1520 Actual element weight gain, g 364
Average rate, gpm 20.0

Time 0 min End Test
Meter reading, gal 300 1820

Screen AP, psi z 2

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time P,,st Clay Filter Pre-Test Post-Test

WSIM, distilled water 10,; 95 96

IFT, distilled water, dyn/cm 4 .3 35.7 35.7

Analyses on injection water:
Time Post-Test

Solids, mg/liter Neg

pH 7..9

ST, dyn/cm 70, 3
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TABLE 18Z. SINGLE-ELEMENT LOOP TEST NO, 318 (Cont'd)

Time, AP, Totamitor Effluent, 1agliter Influent fuel

rain pit Ina Effl Solido; Free water tempergture. 4 F

0 3.5 0 0 80

5 3.9 0 0 0.14 0 80
10 3.8 0 0 80

15 4.0 0 0 80
20 4.0 0 0 80
25 4.3 0 0 80

30 4.5 0 0 80

35 4.9 0 0 80
40 5.4 0 0 80

45 6.0 0 0 80
50 7.4 0 0 80

55 9.3 0 0 80
60 12.1 0 0 80

65 16.8 0 0 80
67 20.0 0 0 0.22 Z-3 80

72 36.5 0 85 0.30 20+ 80
76 40.0 0 100+ 0.36 20++ 80
77 40.0 C 100+ 80
79 33.6 0 100+ 80

Schedule: Minutes Wxtor,ap Solids, g/min

0-67 0.0OZ 5.72
67-76 0.2 --

+0 77TT

.' " • . . . . ,. .. .. . . . . . . . . . . . . . . . . . . . . . . . .-. • i• ;,.

I+
.: . .. .. ...

0 70 40 60 80 100 10

Test tirm.- mrnutes
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TABLE 183 . SINGLE-ELEMENT LOOP TEST NO, 319 Date: 10 July 69

Loop no.3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, 1 4208 Lot 516

Canister: DoD type I

Procedure no. 13-P Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, * F 80

Solids: Ground Iron Ore Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0. 2 gpm to end of test.

Solids injection schedule: 5. 72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5 72 g/min to
end of test.

Test fuel JP-5 batch no. 25 , reused, clay treated
Date blended with additives: 9 July 69
Anti-icing additive 0.15 vcl %, Dow, Lot 0Z26816

Corrosion inhibitor None lb/Mbbl, ,Lot

Test duration, min i25 Calculated dirt loading, g 635
Fuel throughput, gal 2550 Actual element weight gain, g 595
Average rate, gpm Z0. 0

Time 0 min End Test
Meter reading, gal 300 Z805

Screen AP, psi 2 2

Cleanup AP, psi I 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Tert Post-Test
WSIM, distilled water 98 93 98

IFT, distilled water, dyn/cm 39.4 43.5 4Z. 3

Analyses on injection water:
Time Post-Test
Solids, mg/liter 0. 0
p14 7.7

ST. dyn/cm 70,6



TABLE 183. SINGLE-ELEMENT LOOP TEST NO. 319 (Cone'd)

Intl Efti U&id Fre_ atr____JAW!

03,8 0 0 80
5 3.9 0 0 0.15 0 so

t0 4.0 0 0 so
is 4.1 0 0 so
20 4. Z 0 80s
25 4.3 0 0 80
30 4.4 0 0 80
35 4.5 0 0 80
40 4.6 0 0 80
45 4.9 0 0 80
50 5.2 0 0 80
55 5.5 0 0 80
60 5.6 0 0 80
65 6.3 0 0 80
70 7.3 0 0 80
75 8o,3 0I 0 80
80 9.6 ( 0 80
85 11.5 C 0 so
90 L13.6 0 0 0-1 80
95 16.1 0 s0

101 20. 0 0 0 0.07 Z_:' 80
106 16.5 0 0 0.02 -~80

L1 5. 5 0 0 2-3 80
116 16. Z 0 0 0-1 80
120 25.5 0 0 80
126 40.0 0 0 0.06 0.1 80
107 40.6 0 0 s0
139 38.0 0 0 80

Schedule: Minutes Water, Apm Solids. p/min

0-101 0.002 5,72
101-116 0.2
116-L25 0.2 5.72

120 140

Te47 tie iue

Hid'



TABLE 184. SINGLE-ELEMENT LOOP TEST NO, 320 Date: II July 69

Loop no. 3(A/$/SS) Housing: 8" ID Aluminum

Eleme.it: Filters Dic, I 4208 Lot 516
Cimister: .oD type I

Procedure no. 1 3-P Fulel flow, gpm Zo
Wa~er: Filtered Tap Water Fuel inlet tempe-atu'e, *F 80
Sol.1s: Ground Iron Ore Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 mixn to 20 psi, then
0. 2 gpm to end of test.

Secido injection schedule: 5. 72 g/nrin from 0 min to ?0 psi, then
dis,',ntinue 1 5 min, then 5. 72 g/inin to
end of test.

Test fuel JP-5 batch -ao. 25 , reused, clay treated
Date blended with additives: 10 July 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitnr 16 lb/Mbbl, Santolene C , Lot NH 04-006

Test duration, min 6;, Calculated dirt loading, g Z97
Fuel throughput, gal i 52 Actual element weight gain, g 286
Average rate, gpm IC. 9

Time 0 rni End Test
Meter reading, gal 298 1550
Screen AP, psi 2 2
Cleanup AP, psi 1 1

Analyses on irfluent iuel:
Time Post Clay Filter PreTest Post-Test
WSIM, distilled water 97 83 91
IFT, distilled water, dyn/cm 44.1 34. 3 33.4

Analyses on injection water:
T im.e POst-T •. t
Solids. mg/lfter 0.0
pH 7.8
ST. dyn/cr: 7. 8
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TABLE 184. SINGLE-ELEMENT LOOP TEST NO. 320 ýCoxit'd)

Time, AP, Totamitor fMlI entg._ /liter Influentful c
min 2 Infi Effl Solids F2 ?e water 1

0 4.3 0 0 80
5 5.1 0 3Neg 80

10 4.9 0 0 80
5. n 0 0 80

20 5.2 0 0 s
25 5.8 0 0 go
30 6b0 0 so
35 7.8 0 0 g
40 9..8 0 0 80

4512.6 0 0 0-1 80
50 16.4 0 0 80
52 2010 0 0 0.01 1-2 so
55 3L 5 0 0 80
57 34.5 0 0 0.07 1-Z to
6Z 37.4 0 0 80
63 40.0 0 0 0.11 4-5 80
64 42.5 0 1 80
67 37.5 0 1 8o

Schedule: Minutes Water. gj,,m Solids, i!mizi

0-52 0.002z 5.72
57--63 0.2 z

to.t

4fl.4

020 40 60 80 10010

T"est lime, minutes



TABLE 185. SINGLE-ELEMENT LCOP TEST NO. 321 Date: 14 July 69

Loop no, 3(AlI/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 516

Canister: DoD type 1

Procedure no. 13-P Fuel flow, gpm 20

Water: Filtered T p Wý'er Fuel inlet temperature, F 80
Solids: Ground Iro. 0 , Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to 20 psi, then
0.Z gprn to end of test.

Sclids injection schedule: 5.72 g//min from 0 min to 20 psi, then
d.iscontinue 15 rmin, then 5. 72 g /min to
end of test.

Test fuel JP-5 batch w;. Z5 , reused., clay treated
Date blended with additives: 14 July 69
Anti-icing additive 0. 15 vol %, Dow, Lot 0226816

Corrosion inhibitor 20 lb/Mbbl, Lubrizol 541 , Lot 24794

Test duration, min 49 Calculated dirt loading, g 274

Fuel throtughput, gal 981 Actual element &eight gain, g 163

Average rate, gpm 20.0

Time 0 mm End Test

Meter reading, gal '99 1280

Screen AP, psi 2 2

Cleanup AP, psi I 1

Analyses on influent fuel:

Time Post Clay Filter Pre-Test Post-Test

WSIM, distilled water i00 62 52

IFT, distilled water, dyn/cm 41.5 Z5.1 4., 6

Analvses on injectioln waterý
" inI C Post-Test

Solids, rmg/liter 0.2

phl 
7.8

ST, dyn/:m 70.2
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TABLE 185. SINGLE- LLEMENT LOOP TEST NO. 3Z1 (Ccnt'd)

Time, 4,p, Totarrnitor Effluept • m w lnfluent fuel
min L) Infl Eff_ Solidf Free. %ater temperature4

0

0 3.2 0 0 0)
5 3.6 0 12 01,58 1-2 80

10 4.0 0 8 1-Z 80
15 4.1 0 5 80
zo 4.4 0 4 80
25 4.8 0 3 80
30 5.4 0 z 80
35 6.8 0 2 80
40 9.6 0 3 80
45 1-6,z 0 3 8048 ZO. 0 0 4 2.09 7-8 8049 40.0 0 57 2.63 20+ 80

50 43.0 0 57
53 38.4 0 2

Scbedule: Minites WatIr,M SUdj /min

0-48 0.002 5.7Z
48-49 k.2

:-. 'T,- v- r I I t•'- --- - • •• --
* * • et,4

•..' • .. .. t :+ •" '- - -"." . .

I . . . jr 4.. T ,

0 20 40 6 0 a 1O00

Tý-*ftime insufri



TABLE 186 . SINGLE-ELEMENT LOOP TEST NO. 322 Date: 15 July 69

Loop no. 3(Al/SS) Housing: 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 516
Canister: DoD type 1

Procedure no. 13-P Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Ground Iron Ore Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 rain to 20 psi, then
0.2 gpm to end of test.

Sclids injection schedule: 5.72 g//min from 0 min to 20 psi, then
discontinue 15 min, then 5. 72 g/min to
end of test.

Test fuel JP-5 batch no. 25 , reused, clay treated
Date blended with additives: 14 July 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 20 lb/Mbbl., Lubrizol 541 , Lot 24794

Test duration, min 47 Czlculated dirt loading, g 263
Fuel throughput, gal 945 Actual element weight gain, g 250
Average rate, gpm 20. 1

Time 0 min End Test
Meter reading, gal 300 1245

Screen AP, psi 2 2

Cleanup AP, psi 1 0

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilledwater 95 59 85
IFT, distilled water, dyn/cin 43.4 26.5 26.7

Analyses on injection water:
Time Post- Test

Solids, mg/liter 0.1

pH 7.6

ST, dyn/cm 71.0
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TABLE 186. SINGLE-ELEMENT LOOP TEST NO. 322 (Cont'd)

Time, AP, Totamito'r Effluent, mig/liter 'Influent fuel
min pit Infi1 Effi Solids Free water temperature, r

0 4.0 0 0 80
5 4.9 0 8 0.25 1-2 80

10 4.7 0 4 80
15 5.0 0 2 80
20 5.4 0 2 80
25 6.2 0 1 80
30 7.4 0 1 80
35 9.0 0 1 80
40 iz. 0 0 1 80
45 17.0 0 1 80G
46 20.0 0 1 0.52 17-18 80
47 40. 0 0 37 1.42 14-15 80
48 47.5 0 40 80
51 43.5 0 1 80

-I.Schedule: Minutes Waeg Solids, glmin

0-46 0.002 5.72
46-47 0.2 -

04
10

0 20 40 60 80 :00 120

Test time, minutes

335



TABLE 187. SINGLE-ELEMENT LOOP TEST NO. 3R3 Date: 1J6 July 69

Loop no. 3(AliSS) Housing: 8" ID Aluminum
Element: Filters Inc, I 42.08 Lot 516

Canister: DoD type I

Procedure no. 13-Q Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Black Iron Oxide (Magnetic) Fuel inlet pressure, psi 70

Water injection echedule: 0. 002 -gpn from 0 min to 20 psi, then
0.2 gpm to end of t(:st.

Solids injection schedule: 5. 72 g/nn.n from 0 min to 20 psi, then
discontinue 15 •rnin, then 5. 72 g/min to

end of test.
Test fuel JP-5 batch no. 25 , reused, clay treated
Date blended with additives: 15 July 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C Lot NH 04-006

Test duration, min 67 Calculated dirt loading, g 360
Fuel throughput, gal 1343 Actual element weiht gain, g 357
Average rate, gpm 20. 1

Time 3 mi- ExA Test

Meter reading, gal 300 1648
Screen AP, psi 2 2
Cleaxup AP, psi 1 1

Analyses on influent fuel:
Time Poft .la• Filter Pra--Test Post-Test
WSIM, distilled water 99 85 94

IFT, distilled water, dyn/cm 44. 1 37.0 38.9

Analyses on injecticn vater:
Time Post-Test
Solids, mg/liter 0.2
pH 7.7

ST, dyn/cri 71.0
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TABLE 187. SINGLE-ELEMENT LOOP TEST NO. 3Z3 (Cont~d)

Time, A, Totamitor Effluent, mg/liter. Wnluent fuel

min pEt: Infi 'Effi Solids Free water temperature F

0 4.1 0 0 80
5 4.3 0 0 0.06 0 80

10 4.5 0 0 80
15 4.7 0 0 80
20 4.9 0 0 80
25 5.3 0 0 80
30 6.0 0 0 0-1 80
35 6.9 0 0 80
40 7.9 0 0 80

45 9.3 0 0 so
50 l11'1 0 0 80
55 13.4 0 0 80

017.5 0 0 80
63 20.0 0 0 0.02 5-68o
67 40.0 0 4 0.10 19-20 80
69 4Z. 5 0 4 80

70 36.9 0 1 80

Schedule: Minutes Water, gpM Solids, glmin

0-63 0.002z 5.72
63-611 0.2 -

60801002

Tes tieminutes
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TABLE 188. SINGLE-ELEMENT LOOP TEST NO. 324 Date: 17 July 69

Loop no. 3(AI/SS) Housing:. 8" ID Aluminum
Element: Filters Inc, I 4208 Lot 516

Canister . DoD type 1

Procedure no. 13-Q Fuel flow, gpm 20

Water: Filtered Tap Water Fuel inlet temperature, *F 80

Solids: Black Iron Oxide (Magnetic) Fuel inlet pressure, psi 70

Water injection schedule: 0. 002 gpm from 0 min to Z0 psi, then
0.2 gpm to end of test.

Selidn injection schedule: 5,72 g/min from 0 min to 20 psi, then
discontinue 15 min, then 5.72 g//min to
end of test.

Test fuel JP-5 batch no. 25 , reused, clay treated
Date blended with additives: 16 July 69

Anti-icing additive 0.15 vol %, Dow, Lot C226816
Corrosion inhibitor 16 lb/Mbbl, Santolene C Lot NH 04-006

Test duration mrin 81 Calculated dirt loading, g 378
Fuel throughput, gal 1620 Actual element weight gain, g 391

Average rate, gpm 20.0

Time 0 min End Test

Meter reading, gal 300 1920
Screen AP, psi 2 z
Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay rilter Pre-Test Post-Test

WSIM, distilled water 97 90 95
IFT, distilled water, dyn/cm 41.5 33.8 38.4

Analyses on injection water:
Time Post- Test

Solids, mg/liter 0.0

pH 7.9
ST, dyn/cm 71.8
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TABLE 188. SINGLE-ELEMENT LOOP TES5T NO. 324 (Cont'd)

rime, 4P, Totaitor Effluent, mg /liter Influent fuel
minDI inn Effi Solids Free water tomvexatmur.

0 3.1 0 0 80
5 3. 3 0 0.01 0-1 80

10 3.4 0 0 80
i5 3.7 0 0 80
20 3.9 0 0 s0
25 4.4 0 0 80
30 4.6 0 0 so
35 5.0 0 0 80
40 5.8 0 0 80
45 7.4 0 0 80
50 9.4 0 0 80
55 1200 080
60 14.9 0 0 8C
66 20. 0 0 0 Neg 3-4 80
71 33.1 0 5 0.04 16-11 80
76 36.6 0 10 18-lq 80
80 39.2 0 13 204- 80
81 40.0 0 15 0.J~ 1 Z+ 80
83 46.5 0 15 80
85 39.5 0 1 s0

Schedule: Minutes Water, g~,ro Soltdo. a/min

0-66 0. 002 5.72

66-81 0. ?

1002 06 8 0
Teat14 t1e mintI

3[39



TABLE 189. SINGLE-ELEMENT LOOP TEST NO. 325 Date: 22 July 69

Loop no. 3(AI/SS) Housing: 8" ID Aluminum
Element: Bendixa, No. 69 M 2814
Canister: DoD type I

Procedure no. 8901-B (Modified) Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, "F 80
Solids: Red Iron Oxide R-9998 Fuel inlet pressure, psi 70

Water injection schedule: 0.2 gpm from 0 min to end of test.

So'ids injection schedule: 2. 86 g//min from 60 mrin to end of test.

Test fuel JP-5 batch no. 25, reused, clay treated
Date blended with additives: 22 July 69
Anti-icing additive 0.15 vol %0, Dow, Lot 0226816
Corrosion inhibitor 10 lb/Mbbl, AFA-l , Lot 199

Test duration, miin 130 Calculated dirt loading, g 200
Fuel throughput, gal 2600 Actual element weight gain, g 134
Average rate, gprn 20.0

Time 0 min End Test
Meter reading, gal 300 2900
Screen 4P, psi 2 2
Cleanup AP, Dsi 0 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post Test
WSIM, distilled water 9c" 72 95
IFT. distillet. .ý,ater, dyn/cm 47. 7 24.5 25. 8

Analyses on injection water:
Time Pre-Test Post-Test

Solids, mg/liter -- 0.0

pH-- 7.6

ST, dyn/cm 69.6 69.4

a. Special eiement for red iron oxid!.
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TA13LE 189. SINGLE-ELEMENT LOOP TEST NO. _25 (Contd)

Time, A¶P, Totamnitor Effluent,_rti/liter Influent filal
mmi 211ps Infi Effl Solids Free water ternlerature. 0F

0 3. 5 0 0 380
55.0 0 0 7.8 80

10 4.9 0 0 8-9 80
11 5.0 0 1 9-10 80

20 5.0 0 1 80
25 5.0 0 1 80
30 5,0 0 1 9-10 83
35 5A 0 1 80

40 5.1 0 1 80
45 5.1 0 1 18-19 80
50 5.1 0 1 17-18 80
55 5.1 0 1 17-13 80
60 5.3 0 2 11-12 80
65 5.1 0 6 0.77 15.16 80

70 5.6 0 10 1.43 15-.16 80
75 5.6 0 17 80

80 5.7 0 25 4.65 8-9 80
85 6. 1 0 3480
90 6.3 0 40 8.48 7-8 80
95 6.6 0 44 so

100 7.1 0 4.7 12.23 17-18 80
105 7.2Z 0 49 80
110 7.5 0 49 13.33 17-18 80

p115 7.5 0 50 80
120 8.0 0 53 18.36 17-18 80
125 8.1 0 46 80
130 8.6 0 55 17.57 17.18 80j131 .0 448

Schedule: Minutes Water, apm Solis, /mrnp

0-60 0.z
60-131 0.2 2.86

120 i40

0 20 40 6 0 80 100 170

Teýtime, min~utes
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TABLE 190. SINGLE-ELEMENT LOOP TEST NO. 326 Date: 23 July 69

Luop no. 3(Ai/SS) Housing: - 8" ID Aluminum
Element: Bendixa, No. 69 M Z814

Canister: DoD type I

Procedure no. 8901-B (Modified)- Fuel flow, gpm 20

Water: Filtered Tap Water Fuel inlet temperature, "F 80

Solids: Red Iron Oxide R-9998 Fuel inlet pressure, psi 70

Water injection schedule: 0. Z gpm from 0 min to end of test.

Solidi injection schedule: 2. 86 g//min from 61 mrin to end of test.

Test fuel JP-5 batch no. 24 , reused, clay treated

Date blended with additives: 22 July 69

Anti-icing additive 0.15 vol y. Dow, Lot 0226816

Corrosion inhibitor None lb/Mbbl, , Lot

Test duration, min 133 Calculated dirt loading, g 200

Fuel throughput, gal 2 6 0 0 b Actual element weight gain, g 227

Average rate, gprn z0.0

Tirne 0 min End Test

Meter rcading, gal 31? 2912

Screen AP, psi 2 2

Cleanup AP, psi 1 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post- rest

WSIM, distilled water 100 95 98

IFT, distilled water, dyn/cm 45.1 46.0 46.9

Analyses on injection water:
Time Pre-Test Post-Test

Solids, mg/liter 7.6

pH - 0.3

ST, dyn/cm 71.8 71.7

a. Special element i- iron-x.dc.
b. Brodie meter stopped 4 mui n'ci . , 7; r' ifcd b,' holding
:'otameter reading constant.
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TABLE 190. SINGLE-ZLEMENT LOOP TEST NO. 326 (Cont'd)

Tinio, A TtmorEffluent, mg/liter Influent fuel

min pat Int Effi Solids Free water teraipsrature OF

0 3.6 0 0 0 80

5 3.5 0 0 0-1 80

10 5, 5 0 0 80

Is60 0 0-1 80

20 5.7 0 0 80

25 5.8 a 0 80

30 6.0 0 0 1-Z 80

35 6.o 0 0 80

40 6.0 0 0 80

45 6. 1 0 0 2-3 80

so 6. 1 0 0 80

55 6.4 0 0 80

60 6.6 0 C 2-3 80

65 6..8 0 0 Neg Z-3 80

70 7.1 0 0 0.12 Z- 3 80

75 7.3 0 0 80

80 7.7 0 0 0.26 2-3 80

85 8.2 0 0 80
90 8.5 0 0 0.23 2-3 8

95 8.8 0 0 80
100 9.3 0 0 Neg Z-3 80

105 9.4 0 0 80
110 9.8 0 0 0.0 Ozz-3 Be
115 10.2z 0 0 s0

I e. 10.6 0 0 Neg 2 - 80

1M 10.8 0 0 80

130 11.z 0 0 0.1 80
Schedule: Miunutes W t ,L Solids,11/min

0-60 0.2 z
J60-13! 2. 86

I1Z0 140
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TABLE 191 SINGLE-ELEMENT LOOP TEST NO. 327 DatW: 25 July 69

Loop no. -3(Al/SS) Housing: 8" ID Aluminum

Element: Bowsera, Jo. A-1389-B
Canister: DoD type I

Procedure no. 8901-B (Modified) Fuel flow. gpm z0
Water: Filtered Tap 'Water Fuel inlet terrperature. F 80
Solids: Red Iron Oxide R-9998 Fuel inlet :,ressure, psi 70

Water injection schedule: 0. 2 gpm from 0 rain to end of test.

Sc!ids injection schedule: 2. 86 g/rain from 0 min to end of test.

Test fuel JP-5 batch no. 25 , reused, clay treated
Date blended with additives: 24 July 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 10 lb/Mbbl, AFA.-l ,Lot 199

Test duration, min 86 Calculated dirt loading, g 74
Fuel throughput, gal 1720 Actual element weight gain, g 6Z
Average rate, gpm Z0. 0

Time 0 min End Test
Meter reading, gal 300 2020
Screen AP, psi 2 2
Cleanup AP, psi 0 1

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSIM, distilied water 95 69 77
IFT, distiIzd water, dyn/cm 47.6 24.7 Z6.0

Analyses on injection water:
Time Pre-Test Post-Test
Solids, mg/liter - 0.1
p1  ....
ST, dyn/cm 70.8 65.4

a, believ,-d to be special element for red iron oxide.



TABLE 191. SING LE -ELEMENT LOOP TEST NO. 327 (Cont'd)

Time, AP,. Totamitor Effluient, mit/ite TIlmet f(u1
=inps hzf Effi Solids Free wa~telr0W

0 4.1 0 0 0-1 80
5 6.5 0 1 19-20 80

10 6.7 0 1 20 80
i5 7.1 0 2 Z0+ 80
LO 7.0 0 2 80
25 7.2 0 2 so
30 7.3 0 2 20 go
35 7.3 0 2 so
40 7.3 0 so8
45 7.5 0 2 18 so
50 7.7 0 2 s0
55 7.8 0 4 90
ý60 8.0 0 5 19-20 80
65 9.1 0 11 0.54 19-Z0 BC

70 10.5 0 19 1.70 Z0+ B
75 13.0 0 30 so
s0 17.5 0 56 2.44 20+ so
81 20.0 0 64 3.44 20'-a8
83 36.6 0 100+ 4.0O 20+
86 40.0 0 100+ 3.58 2()+
8? 47.2 0 100+ s
89 47.5 0 100+ go

Schedule: Minia.m E BA*r./mix

[j0-60 .

100

I<1I T+4+

~~~~ý t+LL1K.~.

0 40V20103t



TABLE 192 . SINGLE-ELEMENT LOOP TEST NO. 328 Date: 28 July 69

Loop no, 3(AI/SS) Housing: . 8" ID Aluminum
Element: Bowsera, No. A-1389-B

Canister: DoD type I

Procedure no. 8901-B (Modified) Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, F 80

Solids: Red Iron Oxide R-9998 Fuel inlet pressure, psi 70

Water injection schedule: 0. 2 gpmn from 0 min to end of test.

Solids injection schedule: Z. 86 g/min from 6G min to end of test.

Test fuel JP-5 batch no. 25, fresh, clay treated
Date blended with additives: None
Anti-icing additive None vol %, Dow, Lot
Corrosion inhibitor None lb/Mbbl, ,Lot

Test duration, min 130 Calculated dirt loading, g 200

Fuel throughput, gal 2565 Actual element weight gain, g 178

Average rate, gpm 19.1

Time 0 min End Test

Meter reading, gal 300 2865

Screen AP, psi 2 2

Cleanup AP, psi 0 I

Anaiyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test

WSIM, distilled water 99 99 100

IFT, distilled water, dyn/cm 48.6 48.7 4b. 9

Analyses on injection water:
Time Pre-Test Post-Test

Solids, mg/liter -- 0.0

pH -- 7.5

ST, dyn/cm 72.4 72.4

a. Believed te be special element for red iron oxide.
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TABLE 192. SINCLE-XI.Et.AENT LOOP TEST NO. 3U8 (Cont'd)

Time, Ap. Tot&--utor Effluent, miR/liter- lafluest fuel
Min pi !a2l EfC solids Free water temperatai,"eF

0 5.0 0 0 0 so
5 7.3 0 0 80

10 7..1 0 0 80
15 7.3 0 a Z-3. 80
20 7.3 0 0 so

25 7.3 0 0 80
30 7.3 0 0 Z3s
35 7.3 0 0 CI0
40 7.3 0 0 s0
45 7.3 0 0 so
50 7.3 0 0 80
55 7.5 0 0 F
60 7.5 0 0 Z-3 so
65 7.6 0 0 0.11 7-8 80

70 8.0 0 0 0.11 Z-3 80
75 8. C 0 C 80
80 8. Z 0 0 1Neg 3 80
85 8.2 0 0 so
90 8.5 0 0 0.25 3 so
95 a.6 0 0 8'.0

100 IZ. g 0 C 0. 10 3 se
105 7.5 0 0 80
110 7.7, 0 0 Neg 4 s0
1'S 7.7 0 a 80

300 0 0.11 78
US12 10.1 0 0 80
130 10.5 6 0 0.04 380

a. ~c Scraedule:n2 Minutes Water.g Solids, g!niin

C60 0.226

20 140

0 20 40 60 801010

Test ti.me. minutes
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TABLE 193. SINGLE-ELEMENT LOOP TEST NO. 329 Date: 2. Ju-ly 69

Loop no. 3(AI/SSI Housing: - 8" ID Aluminum
Element: Bowsera, No. A-1389-B

Canister: DoD type 1

Procedure no. 8901-B Fuel flow, gpm 20
Water: Filtered Tap Water Fuel inlet temperature, *F 80
Solids: Red Iron Oxide R-9998 Fuel inlet pressure, psi 70

Water injection schedule: 0.2 gpm from 0 min to end of tesL.

Sc!ids injectioa schedule: 2. 86 g/min from 60 min to end of test.

Test fuel JP-5 batch no. 25, reused, clay treated
Date blended with additives: 28 July 69
Anti-icing additive 0.15 vol %, Dow, Lot 0226816
Corrosion inhibitor 10 lb/Mbbl, AFA-1 , Lot 199

Test duration, min 87 Calculated dirt loading, g 77
Fuel throughput, gal 1740 Actual element weight gain, g 68
Average rate, gprn 20.0

Time 0 min End Test
Metc., reading, gal 303 2040
Screen AP, ps. 2 2
Cleanup AP, psi 0 0

Analyses on influent fuel:
Time Post Clay Filter Pre-Test Post-Test
WSL'V1, distilled water 100 64 76

iFT, distilled water, dyn/cm 24.7 25.1

Analyses on injection water:
Time Pre-Test Post-Test
Solids, mg/liter - Neg

pH -- 7.5

ST, dyn/cm 71.2 72.2

a. Believed to be special element for red iron oxide.
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TABLE 193. SINGLE-IELEMENT LOOP TEST NO. 329 (Cont'd)

Time, AP, Touamito,: Efuent, rnaliter lnfhtent fuel
min put_ Ini EUi1 Solidsr Frt~e water temperature.eY

0 5.1 0 0 7-8 80
5 8.6 0 1 1.8-19 80

10 8.6 0 2 19-20 80
15 8.7 0 2 18-1.9 80
20 8.7 0 z 80
25 8.7 0 2 80
30 9.0 0 2 17-18 so
35 9.0 0 Z 80
40 9.4 0 2 80
45 9.5 0 2 17-18 80
50 9.5 0 2 80
55 9.5 0 z 80
60 9.9 6 3 17-18 80
65 10.4, 0 8 0.37 20+ 80
70 11.5 0 12 0.52 20+ 80
75 13.3 0 1.7 30
80 16.0 0 1Z50+8
83 20. 0 0 28 1.1 20 Z+ 80
85 24.0 0 35 80
87 40.0 0 72 2.46 20+ 80
88 417. 5 0 22 80
91 50+ 0 80

Schedule: Minutes Water, Rpm- Solids, &/mnin

0-60 0.2 -

60-87 0.2 2 .86

100

0 20 40 60 80 100 120

Test time. minutes
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-epeatability,-n.z significant improvemnent could be mad! by the use of controlled washing or ftis-cantoitioning
proceeu'.'es. bu- the use of fine media offered some promise for improvement- In a znial)-scale investigation ofI
low-temperature piugging of filter media, it was iound that addition of fuel system icing inhibitor (PSII) increased

the plugging ra~es. and that elimination of the glycerol component of the FSII Qiid not solve the problem 7~ompletely.
In an investization of analytical meihods for the FSII content, of fuels, it was found that the standard refractoniteter
method (Metlod 5340 in Fed Std 791 a) gives results albout 107c below the true values and that this systematic error
:all be elimi.,iated by using a different method of calibration. Large-scale tests on a Static Charge Reducer
demonstratce its effectiveness on seveial fuel blends at 300- and 600-gpm flow rates. The antistatic additive ASA-3-

* was effective in minimizing, charge buildup in uninlibited IF-5 fuel but wa-s less effective in these tests when the fuel
contained a :orrosion inhibitor.
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